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Background: Recent trends show that the utilization of neonatal intensive care unit
(NICU) has extended beyond severely ill infants and increased substantially across all birth
weights. However, little is known about what drives the growth of NICU admission rates and
whether these trends differ by race/ethnicity. Methods: The study used 2008-2018 Natality
Files with restricted use of state and county-level information. Crude and risk-adjusted NICU
admission rates, overall and stratified by birth weight group, were compared between black
and white infants and between Hispanic and white infants. Kitagawa decomposition and
Oaxaca-Blinder decomposition analyses were conducted for the temporal increase in NICU
admission rates by race/ethnicity. Results: Overall NICU admission rates increased by 37%
from 2008 to 2018, and the increasing trends were observed among all racial and ethnic
groups. The absolute and percent increases were the smallest among white infants. NICU
admission rates remained highest among black infants. Hispanic infants had the lowest NICU
admission rates in early study years but reached rates similar to those of white infants in later
years. Most differences in overall NICU admission rates by race/ethnicity disappeared after
the risk adjustment but birth weight stratified analyses showed different patterns.

Racial/ethnic differences diminished in the very low birth weight and moderately low birth
weight groups while risk-adjusted NICU admission rates remained higher among black and
Hispanic infants in the normal to high birth weight group. Kitagawa decomposition found
that the overall increase in NICU admission rates was decomposed into 3.4% attributed to
changes in the birth weight distribution and 96.6% attributed to changes in the birth weightspecific NICU admission rate. Oaxaca-Blinder decomposition analysis showed that changes
in infant health risk contributed 0.87 and 0.47 of NICU admission rate increase per 100
infants among black and Hispanic infants respectively, while it mitigated the increase by 0.14
among white infants. Increased NICU bed supply contributed 0.48, 0.04, and 0.28 per 100
infants among white, black, and Hispanic infants, respectively. Maternal socioeconomic
characteristics did not change but changes in their association with NICU admission
contributed most to the NICU admission increase among all race/ethnic groups.
Conclusions: Racial/ethnic differences in risk-adjusted NICU admission rates diminished
among high-risk infants while black and Hispanic infants maintained higher risk-adjusted
NICU admission rates among low-risk infants. The contributions of the factors affecting
NICU admission growth substantially differed by race/ethnicity.
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BACKGROUND
Development of Neonatal Intensive Care
As the scientific understanding of human development and disease improved and
technology of treating premature infants advanced, pediatricians assumed an increasing role in
providing active interventions to newborn infants. 1,2 In 1960, the term neonatology was coined
by Alexander Schaffer and the first American neonatal intensive care units (NICU), designed by
Dr. Louis Gluck, was opened in 1965.1,3 In the past 50 years, remarkable advances in neonatal
intensive care, such as improvements in the respiratory management of the premature infant in
the 1970s and the introduction of surfactant therapy in the 1980s, improved survival and reduced
morbidity of premature and sick newborns.1,2

Risk-Appropriate Care and Regionalization
Neonatal intensive care has significantly improved mortality of premature and sick
newborns.4 In the US, the number of neonatal deaths per 1000 live births dropped from 18.73 in
1960 to 3.78 in 2018 and most of the reduction is attributed to neonatal intensive care. 5,6 As
neonatal intensive care was proven to improve neonatal outcomes, perinatal stakeholders
initiated efforts to better distribute and organize perinatal services within geographic regions.
Perinatal regionalization was first proposed by the March of Dimes in 1976 in Towards
Improving the Outcomes of Pregnancy (TIOP) to promote risk-appropriate care to pregnant
women and newborns.7 The premise of regionalized perinatal care is that newborn outcomes are
better when maternal and fetal risks are identified early and care is provided in hospitals with the
appropriate capacity, including advanced technology and specialized health providers, to address
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the identified risks. For newborn care, the American Academy of Pediatrics (AAP) defines four
levels of neonatal care.8
•

Level I (well newborn nursery) units have the capability to 1) provide neonatal

resuscitation at every delivery, 2) evaluate and provide postnatal care to healthy newborn infants,
and 3) are staffed with pediatricians, family physicians, nurse practitioners, and other advanced
practice registered nurses.
•

Level II (special care nursery) units are able to 1) provide care for infants born ≥32-week

gestation and weighing ≥1500 g who have physiologic immaturity or who are moderately ill with
problems that are expected to resolve rapidly and are not anticipated to need subspecialty
services on an urgent basis, 2) provide mechanical ventilation for a limited duration (<24 h) or
continuous positive airway pressure, and 3) are staffed with pediatric hospitalists, neonatologists,
and neonatal nurse practitioners in addition to Level I health care providers.
•

Level III (neonatal intensive-care unit) units provide 1) comprehensive care for infants

born <32 wks gestation and weighing <1500 g and infants born at all gestational ages and birth
weights with critical illnesses, 2) a full range of respiratory support that may include ongoing
assisted ventilation for 24 hours or more, and 3) have access to a full range of pediatric medical
subspecialists, pediatric surgical specialists, pediatric anesthesiologists, and pediatric
ophthalmologists.
•

Level IV (regional NICU) units provide the highest level of neonatal care and are

required to have pediatric surgical subspecialists in addition to the care providers required for
Level III units
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Regionalized systems of perinatal care have contributed to significant reductions in
neonatal and infant mortality rates. The delivery of very low birth weight (VLBW) or very
preterm (VPT) infants at hospitals with a level III or IV unit is known to be associated with
lower mortality and morbidity and is now a standard of care. 8-10 Lasswell et al conducted a metaanalysis of 41 published studies on associations between hospital level at birth and neonatal
mortality and concluded that very low birth weight infants born in non–level III hospitals had a
62% increase in odds of neonatal or pre-discharge mortality compared with those born in level
III hospitals (adjusted odds ratio [aOR], 1.62; 95% confidence interval [CI], 1.44–1.83). 10

Deregionalization and Expansion of NICU Beds
Despite efforts to develop systems of perinatal regionalization, perinatal regionalization
faltered in the late 1980s.11 The introduction of prospective payment based on diagnosis-related
groups (DRGs), increasing hospital competition and expansion of managed health care systems
motivated hospitals to expand the scope of care and retain high-risk patients. 11-13 This change
was accompanied by the diffusion of advanced technology and a dramatic increase in the supply
of neonatal clinicians.14,15 Deregionalization resulted in the proliferation of NICU units and beds
in a higher proportion of hospitals with maternity services and provision of neonatal intensive
care extended beyond regional or academic centers.11,16
However, studies found that the availability of NICU beds and neonatologists was not
necessarily associated with newborns’ needs or outcomes.17,18 Goodman et al. showed that
neonatal intensive care capacity was not preferentially located in regions with greater low birth
weight rates.17 Their subsequent study also found no consistent association between the regional
supply of NICU beds and neonatal mortality. 18
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Growth of NICU admission rates
Some studies underscore the association between NICU bed supply and additional NICU
utilization.19-21 Recent trends show that NICU admissions have increased for all birth weights,
particularly in larger and less premature newborns among whom neonatal mortality is low. 22
Harrison and Goodman reported that from 2007 to 2012, NICUs increasingly admitted term
infants of higher birth weights and by 2012, more than half of all newborns admitted to a NICU
were at least 2500g at birth.22 Expanding the NICU admitted newborn population to less acutely
ill newborns suggests that some NICU utilization may be unnecessary. There is evidence that
greater bed supply associated with high NICU utilization, especially among low-risk newborns.
Shulman et al found among infants born at GA of 34 weeks or more, inborn admission rates for
specific GA strata correlated strongly with overall inborn admission rates and did not
significantly correlate with the percentage of admissions with high illness acuity. 20 Ziegler et al
found significant between-hospital variation in NICU admission rates among infants 35 to 42
weeks' gestation and >=2500g without identifiable infant health conditions. 23 Harrison et al
found that NICU admissions among VLBW infants are not related to regional NICU bed supply
but non-VLBW infants are more likely to be admitted to a NICU in regions with the highest
NICU bed supply indicating possible overuse.21

Treatment decision beyond medical necessity
Current trends of NICU utilization can be summarized as follows: First, NICU supply
and utilization are not necessarily aligned with health risk and need. Second, there are increasing
NICU admission rates among all birthweights and unwarranted variation (i.e. not caused by
regional differences in newborn needs and family preferences of NICU utilization) among low
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risk infants indicating potential overutilization.24 Misaligned neonatal resources can also lead to
difficulty in receiving timely NICU care among some high-risk infants. 25
These raise important concerns regarding access to NICU care. Given that birth outcomes
determining the need for NICU care tend to be worse among infants who are non-White and with
lower socioeconomic status,26 infants born to minority and lower socioeconomic populations
could suffer disproportionally more from less-than-optimal NICU care access. For example,
VLBW and premature infants are often required to be admitted to a NICU and the percentage of
VLBW infants is three times as high among non-Hispanic black infants compared to nonHispanic white infants (2.92% vs 1.02% in 2018)27 and rates of preterm birth are more common
among women living in poverty than for higher-income women. 26 Another concern is related to
the multitude of potential factors affecting decision making on NICU admission. When NICU
utilization is supply sensitive to some degree and the infant’s condition is uncertain for intensive
care, the decision on NICU admission can be discretionary. The effect of traditional factors
affecting health care access and utilization, such as race/ethnicity and socioeconomic
characteristics can then become additional determinants of NICU admission. There are studies
demonstrating that significant variation exists in NICU care not explained by infant health
condition.20,23,28 However, studies of the determinants of NICU admission beyond the infant’s
health risk are rare and focusing only on VLBW infants.29

Race/Ethnicity and NICU admission
Race and ethnicity are important factors when assessing health risks and access to health
care.30 While studies on racial/ethnic differences among children address a wide range of areas,
such as access to care, health care utilization, and prevalence of chronic disease, 31 researches on
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racial/ethnic differences among infants have focused mostly on birth outcomes and infant
mortality.6,27,32 Neonatal mortality accounts for two-thirds of infant mortality and is primarily
related to birth outcomes and access to risk-appropriate care. 6,32 Due to distinct racial/ethnic
differences in the percentage of VBLW and neonatal mortality risk, clinical and public health
efforts have focused on preventing premature births among minorities. Studies on racial/ethnic
differences in neonatal health care utilization are rare and most NICU studies focused on
evaluating the quality of care based on hospital characteristics such as level of care or patient
volume among VLBW infants while controlling for race/ethnicity in a statistical model as a
covariate. There are only a few studies that compared NICU utilization by race/ethnicity and
evaluated the effect of race/ethnicity as a primary interest but mostly among VLBW. Table 1
summarizes relevant studies.

Table 1. Studies on NICU utilization by race/ethnicity
Study

Barfield,
201029

Objective

Population & Analysis

Predictors of
NICU
admission

22,427 VLBW in 19 states,
2006.
Multivariate log-binomial
regression with generalized
estimating equations to
account for variation
among states in NICU
admission of VLBW
infants

Results
Crude NICU admission rates in
white 80.5%, Black 79.5%, and
Hispanic 71.8% and
racial/ethnic differences in
NICU admission varied by
state. No differences after
adjusting infant gestational age,
sex, mother’s parity, age group,
years of education, plurality,
and delivery mode. Gestational
age, multiple births and csection identified as predictors
for NICU
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Comments

Wide variation in
racial/ethnic differences
in NICU admission
across states, White vs
Black: 68.1% vs 60.4%
in CA, 76.1% vs 82.0%
in Texas

de
Jongh,
201233

Effects of
maternal age,
race/ethnicity
and
insurance on
NICU
admission
rates

167,160 live births from 19
US hospitals 2002–2008.
GLM and 3 waystratification

OR Black and White:OR >1
among private insurance (and
<1 among public insurance

Analysis by 3 ways
comparision
race/ethnicity x
insurance x maternal age.
Not clear comparison of
race/ethnicity. Limited
covariates (maternal age,
insurance status, and
history of previous csection)

Profit,
201734

Racial/ethnic
disparity in
quality of
care using a
composite
indicator

18,616 VLBW infants in
CA 2010-2014. Risk
adjusted standard score
stratified by race/ethnicity

Significant racial and/or ethnic
variation in quality of care
between and within NICUs

Stratification by
race/ethnicity rather than
adjustment for
race/ethnicity

Wallace,
201735

Racial/ethnic
differences
in preterm
perinatal
outcomes

19,325 preterms (<37
weeks of gestation) in CA,
2002-2008. Multivariate
Poisson models

NICU admission higher in
Black and lower in Hispanic
but not significant

No neonatal
characteristics other than
sex included. Birth
weight not specified but
would have been in a
wide range

Harrison,
201821

Geographic
variation in
NICU
admission
rates in
relation to
bed supply

3,304,364 across the entire
birth cohort in 2013.
Analyses for the overall
cohort and stratified by
birth weight: 500-1499 g,
1500-2499 g, and ≥2500 g
using multilevel logistic
regression adjusting for
race and other factors

Overall OR:Hispanic 0.86,
Black 0.96, 500-1499g OR:
Black 1.18, 1500-2499g OR:
Hispanic 0.86, Black 0.85,
>=2500g OR: Hispanic 0.86

Race included in the
model to account for.
Second study in NICU
use covering the entire
birth weights

Racial/ethnic
segregation
and
inequaltiy in
NICU care

117,982 VLBW and VPT
infants across the 743
NICUs in the Vermont
Oxford Network, 20142016. NICU segregation
and NICU inequality
indices were calculated by
race/ethnicity

Black, Hispanic, and Asian
infants were segregated across
NICUs and compared with
white infants, black infants
were concentrated at NICUs
with lower-quality scores.

Racial/ethnic differences
in quality of NICU care
remain after accounting
for geographic
differences in NICU
quality

Horbar,
201936

Statement of the Problem
Timely and appropriately provided neonatal intensive care can significantly improve the
health outcomes of newborns and substantially impact the quality of life. Understanding
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racial/ethnic difference in NICU admissions is particularly relevant given that the proportion of
births to non-White and Hispanic mothers is increasing while racial/ethnic differences in birth
outcomes are persistent. Only half of the births in the U.S. are non-Hispanic whites and the
general fertility rate (GFR) for non-Hispanic whites is lower than for non-Hispanic black and
Hispanic women (57.2 vs 63.1 vs 67.6 births per 1000 females aged 15–44 in 2017). 37 The
percentage of low birth weight (LBW) infants remains twice as high among non-Hispanic blacks
compared to non-Hispanic whites (14.07% vs 6.91% in 2018) 27 and the neonatal mortality rate
among non-Hispanic black infants is more than twice that of non-Hispanic white infants (7.06 vs
3.00 per 1000 births in 2018).6
Racial/ethnic differences in NICU utilization among similar risk groups not only raise
equity concerns but also results in the inefficiency of health care by limiting a cost-effective
early intervention.4 Given the trends in increasing NICU admissions across all birth weights 22
and rapid change in racial/ethnic composition,38 a comprehensive study needs to be done to
determine racial/ethnic differences in the NICU admission rate covering all birth weight ranges
at the national level.

Objectives
This research studied racial/ethnic differences in the NICU admission rate covering all
birth weight ranges at the national level with three aims.

Aim 1: Describe temporal trends of racial/ethnic differences in crude and risk-adjusted NICU
rates from 2008 to 2018
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Aim 2: Decompose the temporal change of NICU admission rates into changes in the birth
weight distribution and birth weight-specific NICU admission rates between 2008 and 2018 by
race/ethnicity

Aim 3: Quantify the contribution of neonatal characteristics, NICU bed supply and maternal
socioeconomic characteristics to the growth of NICU admission rates between 2009 and 2018 by
race/ethnicity

Conceptual Framework
The study adopted the 1995 version of Andersen’s Behavioral Model for the conceptual
framework.39 The model was initially developed in the late 1960s and is one of the most widely
used models as a framework identifying individual and contextual determinants of health care
utilization. According to the model, an individual's access to and use of health services is
considered to be a function of three characteristics: predisposing, enabling, and need factors.
Predisposing factors indicate the socio-cultural characteristics of individuals that exist prior to
their illness. They include the demographic characteristics such as age and sex, social structure
such as education, ethnicity and social network, and health beliefs such as attitudes, values, and
knowledge related to health and health services. Enabling factors are financial and organizational
resources enabling services utilization. They include personal/family factors such as income and
health insurance and community characteristics such as available health personnel and facilities,
per capita community income, and the rate of health insurance coverage at the community level.
Neighborhood income is not only highly correlated with individual level income but also
independently affects individual health risk.40-44 Need factors are immediate causes for health
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service use and are differentiated into perceived need and evaluated need for health services.
Perceived need is the health status perceived by the population and evaluated need is
professional assessments of patients’ health status and their need for medical care.
Figure 1 summarizes the conceptual model for this study including relevant
characteristics identified as predisposing, enabling, and need factors for this study. Need factors
were identified and used for the risk adjustment in the analysis of Aim 1 and 2 and all three
factors were considered for contributing factors to NICU admission rate growth.
Figure 1. Conceptual Framework adopted from Andersen Model

Predisposing
Characteristics

Demographics
• Maternal age
Social Structure
• Maternal
race/ethnicity
• Level of
mother’s
educational
attainment
• Marital Status

Enabling Resources

Need-Neonatal
Risk Factors

Evaluated need
• Sex
• Gestational
age
• Small for
gestational age
• Large for
gestation age
• Apgar score
• Plurality
• Cesarean
delivery

Personal/Family
• Payment source for
delivery
• WIC
Community
• NICU bed supply
• Urban/Rural

Utilization of
Health Services
Admission to
NICU

Public Health Significance
There are only a few studies done to determine the racial/ethnic differences in the NICU
admission rate and mostly limited to the VLBW population. To the best of my knowledge, this
13

study is the first to examine racial/ethnic differences in the use of NICU across all birth weights
and its temporal trends. This study aims to analyze temporal trends of NICU utilization by
race/ethnic group and provide a better understanding of comparable importance of factors
contributing to NICU admission growth by race/ethnicity. The results of Aim 1 provide the
information on whether race/ethnic differences in the NICU admission rate are persistent and
vary by birth weight category over the years. This will help us to identify which birth weight and
racial/ethnic groups need improvement in access to NICU care. The results of Aim 2 identify the
relative effects of both birth weight distribution and birth weight-specific NICU admission
component by race/ethnicity. If the distribution of birth weight in a certain racial/ethnic group is
identified as having a greater effect on the increase of NICU admission by shifting toward lower
birth weight, the effort to improve birth weight in that racial/ethnic group should be paid more
attention. The results of Aim 3 identify the relative importance of various factors affecting the
growth of NICU admission rates and quantify the extent to which specific factors can reduce the
growth in NICU admission rates for each race/ethnic group.

METHODS
Data Sources
This is a population-based retrospective study using restricted 2008-2018 Natality Files
with geographic information from the National Center for Health Statistics (NCHS) at the
Centers for Disease Control and Prevention (CDC). All states require the reporting of live births
regardless of the length of gestation or birth weight45 and Natality Files contain all live births
occurring within the United States. Natality files are based on information derived from birth

14

certificate data which is collected using the U.S. Standard Certificate of Live Birth issued by the
U.S. Department of Health and Human Services. The latest version of the U.S. Standard
Certificate of Live Birth was introduced in 2003 to improve the collecting process and data
quality. The 2003 revision of U.S. Standard Certificate of Live Birth contains many new items
which never collected before including information on abnormal conditions of the newborn such
as NICU admission or use of assisted ventilation at birth. The 2003 revision was phased in
replacing the previous 1989 revision and full implementation in all states was phased in over
several years. Natality files for the transition period of 2003-2015 include data items common to
both the 1989 and 2003 revisions and items exclusive to the 2003 revision.

Table 2: Implementation of the 2003 U.S. Standard Certificate of Live Birth, 2003-2016
Year
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Revised reporting area
2 states
7 states
12 states
19 states
22 states
27 states
28 states
33 states and the District of Columbia
36 states and the District of Columbia
38 states and the District of Columbia
41 states and the District of Columbia
47 states and the District of Columbia
48 states and the District of Columbia
All states and the District of Columbia

*Source User Guide to the 2015 Natality Public Use File

The information on the number of NICU beds at the county level was available from the
area health resources files (AHRF), previously known as the area resource files (ARF). The
15

AHRF is publicly available to download at the Health Resources and Services Administration
(HRSA) website (https://data.hrsa.gov/). The AHRF data used the hospital-level data from the
American Hospital Association (AHA) Annual Survey Database and aggregated to the county
level.

Study Population
The study population included live births from 2008 to 2018 in U.S. states and the
District of Columbia for Aim 1 and Aim 2 and live births in 2009 and 2018 for Aim 3. The 2003
U.S. Standard Certificate of Live Birth defines live birth as complete expulsion or extraction of a
product of conception that gives a sign of life after birth, regardless of the length of the
pregnancy.
Since our primary interest was NICU admission, which is exclusive to the 2003 Standard
Certificate of Live Birth, we excluded births recorded using the earlier version. Births to mothers
whose state of residence is not one of the 50 US states or District of Columbia were excluded,
which is expected to be about 0.2% in 2018.46 Births weighing less than 500 grams or occurring
before 23 completed weeks of gestational age were excluded as they are not considered viable
with current technology47-50 and wide variation in practices exists regarding the initiation of
resuscitation and active treatment.51-54 We also excluded births with unknown birth weight or
gestational age, or implausible combinations of birth weight and gestational age. Further
exclusions were applied for other unknown information specific to each Aim.
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Variables and Measurement
NICU admission
According to the CDC’s guideline to complete the 2003 Standard Certificate of Live
Birth, NICU admission is defined as “admission into a facility or unit staffed and equipped to
provide continuous mechanical ventilator support for a newborn.” 55 This definition of NICU
excludes units not providing continuous mechanical ventilation, which makes it comparable to
levels III and IV of neonatal care by the American Academy of Pediatrics (AAP). To facilitate
the evaluation of health outcomes, resource use and health care costs using uniform definitions,
the 2012 policy statement by the AAP updated the classification of neonatal care into 4 levels:
Level I for well newborn nursery, level II for specialty care nursery, level III for NICU and level
IV for regional NICU.8 Level II nurseries may provide mechanical ventilation for a brief
duration (less than 24 hours) but not continuously.8 Ongoing assisted ventilation for 24 hours or
more is available only at levels III and IV facilities. 8 Therefore, infants whose birth records show
NICU admission were assumed to be born at level III or IV facilities. We acknowledge that a
validation study for selected measures from the 2003 revision of the birth certificate by
comparing birth certificate data with information abstracted from hospital medical records shows
a variation in the quality of NICU admission data by state and hospital 56 and that no study
validated that hospitals are applying this definition of a NICU. It should also be noted that the
CDC’s guideline includes NICU admission at any time during the infant’s hospital stay
following delivery.55 However, since the Certificate of Birth is required to be filed within 5 days
of the date of birth57, late NICU admissions in a prolonged hospitalization occurring after the
filing were not captured. Finally, the infants who stayed at the NICU for observation without
being admitted to NICU were excluded according to CDC’s guideline. 55
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Race/ethnicity
Mother’s race and Hispanic origin are reported separately on birth certificates. Combined
race/ethnicity was classified as non-Hispanic White (white), non-Hispanic Black (black),
Hispanic and other. In 1997, the Office of Management and Budget (OMB) revised Race and
Ethnic Standards for Federal Statistics allowing the responses of multiple races. However, the
multiple-race reporting states varied throughout the study period before the transition completed
starting in 2016. We used the bridged race to a single race for the responses of those who
reported more than one race, which was accounted for 2.7% of births in 2018. 46 Comparisons
were made between black and white infants and between Hispanic and white infants. Others
were included in the total analysis but excluded in the comparison analysis.

Birthweight
Birthweight is recommended to be collected directly from the medical record in the units
in which the weight of the infant at birth is measured, either grams or pounds and ounces. 55 If
birthweight is entered in pounds and ounces, it is converted and rounded to the nearest whole
gram in the Natality data. Any birthweight outside of the range of 0227-8165grams is edited as
9999. The study stratified birthweight as VLBW (500-1499g), moderately low birth weight
(MLBW, 1500-2499g), normal to high birth weight (NHBW, ≥2500g) for Aim 1 and 2.

Gestational age
The study used the obstetric estimate of gestation at delivery (OE) rather than the
measure based on the date of the last normal menses (LMP). Both the OE- and LMP-based data
were available for the study period but the OE-based gestational age was preferred for the
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following reasons. Studies have shown that the OE- based gestational age agrees better with a
gold standard estimate from early ultrasound58-60, is more sensitive and specific for neonatal risk
indicators associated with prematurity61, and shows higher consistency with the distribution of
birth weight for gestational age.62 Beginning with the 2014 data year, NCHS transitioned to the
use of the OE as its standard, primary measure of gestational age. The OE in the Natality data is
defined as the best obstetric estimate of the infant’s gestation based on the clinician’s estimate of
gestational age at delivery and recommended to be collected directly from the medical record. 55
It is reported in completed weeks and any fraction of a week is rounded down to the nearest
whole week.55 If the OE is outside of 17 through 47 completed weeks or missing, it is edited as
an invalid value of 99.63 We categorized gestational age for Aim 3 as <32wk, 32-36wk
(intermediate and late-preterm), 37-38wk (early-term), 39-40wk (full-term), 41wk (late-term),
≥42wk (post-term).64

Sex
It has been known that mortality and morbidity of premature births are greater in male
infants than female infants (“male disadvantage”). 65,66 Sex differences appear to be insignificant
as the maturity of infants increases, we accounted for it as a baseline. 67

Small/large for gestational age
It is known that infants either undergrown (small for gestational age [SGA]) or
overgrown (large for gestational age [LGA]) have higher rates of neonatal mortality and
morbidity.68 In this study, SGA and LGA were defined as below the 10th percentile and above
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the 97th percentile for birth weight respectively, given the infant’s gestational age, race/ethnicity
and sex.69-70

Apgar score
The Apgar score is a summary measure of evaluating the physical condition of infants
shortly after delivery based on Appearance (skin color), Pulse, Grimace (reflex irritability),
Activity (muscle tone), and Respiration.71 The Apgar score in the Natality file is recommended
to be collected directly from the medical record. 55 Each of the five factors is evaluated on a scale
from 0 to 2 and the sum of these 5 values results in Apgar score ranging from 0 to 10. A score of
0 to 3 is considered as critically low requiring immediate resuscitation; 4 to 6, intermediate; 7 or
above, good to excellent. We used the Apgar score assessed at 5 minutes after delivery and
categorized the score into 3 groups: <7, 7-8, and 9-10.

Plurality
The plurality in the Natality file is recommended to be collected directly from the
medical record and imputed as singletons if unknown. 55 Plurality was classified as single or
multiple births (twins, triplets, and higher-order births).

Delivery mode: Cesarean or not
Cesarean delivery is associated with a greater risk for NICU admission. 29 It is
recommended to report final delivery mode as vaginal/spontaneous, vaginal/forceps,
vaginal/vacuum, and cesarean. The study used it as a binary variable indicating cesarean or not.
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Maternal age
In the Natality file, the maternal age is derived from the directly reported month and year
of birth of the mother. We used the same categorization of age as CDC’s reporting: ages ≤19, 2024, 25-29, 30-34, 35-39, or ≥40 years.

Maternal education level
Educational attainment is known to be associated with health disparities 40 and we used a
mother’s education level. Maternal education is associated with birth weight distributions and
also independently affects infant mortality.72 It is recommended to be reported directly by the
mother and defined as the highest degree or level of school completed at the time of the delivery.
We categorized maternal educational level into less than high school graduate, high school
graduate, some college, associate or bachelor’s degree, and Master's degree or higher.

Payment source for delivery
Insurance status is known to be associated with health outcomes and resource
utilization.73 The primary source of payment for delivery was used as a proxy for the infant’s
insurance status. Infants born to mothers with private insurance at the time of delivery are likely
to stay on private insurance while those born to mothers with Medicaid or uninsured are likely to
get enrolled in Medicaid.74 Payment source for delivery was classified as private insurance,
Medicaid, self-pay and other. “Other” category includes Indian Health Service,
CHAMPUS/TRICARE, other government and unknown.
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Urban–Rural Classification
Urban-rural disparities in health measures have been well known. 75-77 The study used the
NCHS Urban-Rural Classification Scheme for Counties. NCHS uses a six-level urban-rural
classification scheme for U.S. counties and county-equivalent entities as follows.

Table 3. NCHS Urban-Rural Classification Scheme for Counties
Category
code

Category name

Metropolitan
1 Large central metro
2 Large fringe metro
3 Medium metro
4 Small metro
Nonmetropolitan
5 Micropolitan
6 Noncore

Category description
Central counties of MSAs of 1 million or more population
Suburban counties of MSAs of 1 million or more population
Counties within MSAs of 250,000-999,999 population
Counties within MSAS of 50,000 to 249,999 population
Counties in micropolitan statistical areas
Counties not within micropolitan statistical areas

There have been significant health differences between large central metro counties and large
fringe (suburban) metro counties and wide variation in health across different levels of
rurality.77,78 The NCHS Urban-Rural Classification Scheme allows us to distinguish between
large central metro counties and large fringe (suburban) metro counties and better accommodates
heterogeneity across the urban-rural continuum that dichotomous classification cannot capture.

Data Analysis for Aim 1
Aim 1: Describe temporal trends of racial/ethnic differences in crude and risk-adjusted NICU rates
from 2008 to 2018.
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Analysis: The study reports crude and adjusted NICU admission rates from 2008 to 2018 by
racial/ethnic group. Analyses were conducted overall and stratified by birth weight group as
VLBW (<1500g), MLBW (1500-2499g), and NHBW (≥2500g). Univariable analyses were
conducted to assess the association between each of the risk factors -gestational age, SGA, LGA,
5-min Apgar, plurality, cesarean delivery, and sex- and NICU admission. Multivariable logistic
regression models were specified with NICU admission as the dependent variable and
race/ethnicity as a primary independent variable while adjusting for birth year and risk factors
that were statistically significant in univariable analysis. To assess differential temporal trends
for NICU admission across race/ethnicity, interaction terms between birth year and race/ethnicity
were included in the models. The model-adjusted NICU admission rates were estimated with
predicted probabilities using Stata command margins based on marginal standardization method
and adjusted rate ratios (ARRs) for black and Hispanic infants compared with white infants were
estimated using Stata command nlcom.79

Risk Adjustment: Risk adjustment was done to account for the differences in the infant’s health
status by race/ethnicity over the study period. Neonatal characteristics indicating an infant’s
health status from well-established severity illness and mortality risk scores were assessed to
identify risk factors associated with NICU care.29,80-84 We selected potential risk factors mainly
from four well-known risk adjustment scores that have been widely used in the United States and
the United Kingdom and included factors beyond physiologic variables, which were not
available on the birth certificate: Score for Neonatal Acute Physiology Perinatal Extension
(SNAP-PE), Clinical Risk Index for Babies (CRIB), Vermont Oxford Network Risk Adjustment
(VON RA) and National Institute for Child Health and Development (NICHD). When the
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updated or improved versions of risk adjustment score models were available, most updated ones
were used (SNAP-PE II and CRIB II). Although these factors were mostly validated among
VLBW infants for neonatal mortality, they were considered to be relevant to an infant’s health
status beyond VLBW and associated with NICU admission. 22,29 Among known risk factors,
gestational age using the obstetric estimate of gestation at delivery (OE), small for gestational
age (SGA), large for gestational age (LGA), 5-min Apgar, plurality, cesarean delivery, and sex
were associated with NICU admission and included in the risk adjustment. 22,29,58,60,65,69,70,80-83,85
Birth defects were not included as there was very little variation because most of the infants were
born without defects. Last, any maternal characteristics other than the mother’s race/ethnicity
were not considered because our primary research question was to assess the difference in NICU
admission by race/ethnicity accounting for infant health status differences that would reflect
need.86 Socioeconomic characteristics of the mother and maternal risk factors are considered as
underlying sources of race/ethnic disparities or risk factors for the infant’s health. 87 Therefore,
including them may obscure racial/ethnic differences in NICU admission. 87,88

Table 4. Comparison of Data Components in Mortality Risk Adjustment Scores for Neonatal
Intensive Care Unit Settings
NICU Mortality Risk Adjustment Scores
SNAP-PE II
Population
All NICU patients
<1500 g birth weight
22 to 25 wk gestation
Excludes lethal anomalies
<31 wk gestation
<32 wk gestation
Birth characteristics
Birth weight
Small for gestational age
Apgar score
Gestational age

CRIB II

+

+

VON-RA

NICHD 2008

+
+
+

+
+
+
+

+

+
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+
+
+
+

+

Birth defects
Gender
Plurality
Antenatal steroids
Transfer
Mode of delivery
Clinical characteristics

+

+
+
+

+
+
+

+
+
+

+

Data Analysis for Aim 2
Aim 2: Decompose the temporal change of NICU admission rates into changes in the birth
weight distribution and birth weight-specific NICU admission rates between 2008 and 2018 by
race/ethnicity

Analysis: To identify the contributions of birth weight groups to the NICU admission rate
increase between 2008 and 2018 and decompose the increase into the two contributing
components using Kitagawa rate decomposition analysis. 89 One component is the contribution by
the distributional change in birth weight holding birth weight-specific rate constant. The other is
the contribution by changes in birth weight-specific rate holding the birth weight distribution
constant.89 If birth weight-specific NICU admission rates are constant over time, changes in
temporal NICU admission trends may be predominantly associated with changes in birth weight
distribution. If birth weight-specific NICU admission rates change over time while there is no
change in birth weight distribution, this may reflect improved access or change in medical
practice. The difference in crude NICU admission rates between 2008 and 2018 was decomposed
as follows.
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where Nyear = NICU admission rate in a given year, i = ith birth weight group
Pyear i = Proportion of births for birth weight group i in a given year
Ryear i = NICU admission rate for birth weight group i in a given year

The first half of the right- hand side represents the proportion of the NICU admission rate
difference attributable to changes in birth weight-specific NICU admission rate. The second half
of the right-hand side represents the proportion of the NICU admission rate difference
attributable to changes in birth weight distribution. The study reports the results for the total and
for white, black, and Hispanic groups.

Data Analysis for Aim 3
Aim 3: Quantify the contribution of neonatal characteristics, NICU bed supply and maternal
socioeconomic characteristics to the growth of NICU admission rates between 2009 and 2018 by
race/ethnicity

Analysis Plan: We used the Oaxaca Blinder (OB) decomposition that has been widely used in
the study of labor market discrimination. 90,91 It was developed by Ronald Oaxaca and Alan
Blinder to decompose racial and sex wage differentials into a component attributable to
differences in individual characteristics (“endowments”) and a component attributable to
differences in the estimated effects of individual characteristics (“coefficients”). 90,91 In health
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care, several studies have used this approach to quantify the contribution of different factors in
explaining differences in disease prevalence,92-94 health outcomes95, and healthcare utilization
across different sub-groups of the population.96,97 Multivariable decomposition uses the output
from regression models to partition the components of a group difference in outcomes. When the
outcome, Y is a function of a linear combination of predictors and regression coefficients,

Y=F(Xβ)
where Y is a dependent variable vector, X is a matrix of independent variables, and β is a vector
of coefficients. The mean difference in Y between groups A and B can be decomposed as

𝑌 −𝑌 =𝐹 𝑋 𝛽
=

𝐹 𝑋 𝛽

− 𝐹 𝑋 𝛽

+

− 𝐹 𝑋 𝛽
𝐹 𝑋 𝛽

− 𝐹 𝑋 𝛽

The endowment component (E) represents the part of the differential attributable to differences
in a set of predictors and reflects a counterfactual comparison of the difference if group A were
given group B’s distribution of predictors. The coefficients component (C) refers to the part of
the differential attributable to differences in coefficients of predictors weighted by group B’s
distribution of predictors.
The outcome interest, NICU admission is a binary variable and we conducted
multivariable logistic regressions using Stata command Oaxaca developed by Jann for nonlinear
regression.98 This command provides the detailed decomposition into contributions of individual
drivers.98 Using this method, we decomposed the growth of NICU admissions between 2009
(treated as Group B) and 2018 (treated as Group A) into two components; one that is explained
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by differences in the distribution of infant health risk, regional availability of NICU bed supply,
and maternal socioeconomic status, and another component that is explained by differences in
the effect of these determinants on the NICU admissions. The detailed decomposition further
decomposes E and C components into the unique contribution of each driver. This allow us to
quantify the contribution of each driver to the growth in NICU admissions, thus identify which
factors contribute most to the growth between the two time periods. 90,91

Human Subjects, Animal Subjects, or Safety Considerations
The study used 2008-2018 restricted Natality files. Public Use Files available to
download from the website of NCHS no longer include geographic detail beginning with the
2005 data year. To request restricted Natality files with geographic information., the study has
submitted a completed project review form to the National Association for Public Health
Statistics and Information Systems (NAPHSIS) research review committee. The use of restricted
Natality files was reviewed and approved by the NAPHSIS research review committee and the
National Center for Health Statistics (NCHS).

The obtained data are de-identified and do not have protected health information. The
study protocol was reviewed and approved by the Committee for the Protection of Human
Subjects (CPHS) at the University of Texas Health Science Center (HSC-SPH-19-0619).
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JOURNAL ARTICLE 1
Trends in Neonatal Intensive Care Unit Admissions by Race/Ethnicity in the United States,
2008-2018
Journal of Perinatology

Abstract
Importance: Recent trends show that the utilization of neonatal intensive care unit (NICU) has
extended beyond severely ill infants and increased substantially across all birth weights.
However, little is known whether these trends differ by race/ethnicity.

Objectives: To examine temporal trends of NICU admissions in the U.S. by race/ethnicity and to
quantify the relative contributions of birth weight groups to the growth of NICU admissions from
2008 to 2018

Design, Setting, and Participants: In this retrospective cohort analysis, we used data from
restricted natality files provided by the National Center for Health Statistics (NCHS) at the U.S.
Centers for Disease Control and Prevention (CDC). Births were included that occurred in the
U.S. between January 1, 2008, and December 31, 2018 and recorded using the 2003 revision of
the U.S. birth certificate (N=38,011,843).

Main Outcomes and Measures: Crude and risk-adjusted NICU admission rates, overall and
stratified by birth weight group, were compared between white, black and Hispanic infants. The
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temporal increase in NICU admission rates was decomposed into birth weight distribution and
birth weight-specific NICU admission rates.

Results: Crude NICU admission rates increased from 6.62% (95% CI 6.59-6.65) to 9.07% (95%
CI 9.04-9.10) between 2008 and 2018. The largest percentage increase was observed among
Hispanic infants (51.4%) compared to white (29.1%) and black (32.4%) infants. Overall riskadjusted rates differed little by race/ethnicity, but birth weight-stratified analysis revealed that
racial/ethnic differences diminished in the very low birth weight (VLBW) and moderately low
birth weight (MLBW) groups while risk-adjusted NICU admission rates remained higher among
black and Hispanic infants in the normal to high birth weight (NHBW) group. VLBW, MLBW
and NHBW groups contributed 3.2%, 26.4% and 70.4%, respectively to the overall NICU
admission rate increase. Overall increase in NICU admission rates was decomposed into 3.4%
attributed to changes in the birth weight distribution and 96.6% attributed to changes in the birth
weight-specific NICU admission rate.

Conclusions and Relevance: Racial/ethnic differences in risk-adjusted NICU admission rates
diminished among high risk infants while black and Hispanic infants maintained higher riskadjusted NICU admission rates among low risk infants.
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Introduction
In the past 50 years, remarkable advances in the neonatal intensive care units (NICUs) have
improved the survival and reduced the morbidity of premature and sick newborns. 1-3 Delivery of
very low birth weight (VLBW) or very preterm (VPT) infants at hospitals with a Level III/IV
NICU is now a standard of care in the United States.4

Recent U.S. trends show that NICU admissions have increased for all birth weights, particularly
in larger and less premature newborns and, by 2012, more than half of all newborns admitted to a
NICU were of normal birth weight.5 At the same time, some very premature newborns were still
not admitted to Level III/IV NICUs. Other studies have found that regional NICU supply and
utilization are not necessarily aligned with newborn health risk such as in regions with higher
low birth weight rates.6-9 Furthermore, there is evidence that greater bed supply is associated
with high NICU admissions, particularly among low-risk newborns. 7,10,11 These findings raise
concern regarding potential lack of access, particularly by race/ethnicity, for some newborns 12,
while others may receive NICU care that could be provided in other inpatient settings.

In this study, we first examined temporal trends of NICU admissions by race/ethnicity in the
U.S. for all birth weight ranges at the national level adjusting for newborn health risk factors.
Second, we determined if the relative contributions of birth weight groups to NICU admissions
differed by race/ethnicity by decomposing changes in NICU admission rates into birth weight
distribution and birth weight-specific NICU admission rates.
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Methods
Data Source and Study Population
This is a population-based retrospective cohort study using restricted natality files provided by
the National Center for Health Statistics (NCHS) at the U.S. Centers for Disease Control and
Prevention (CDC). All births to mothers whose state of residence was U.S. states and the District
of Columbia between January 1, 2008, and December 31, 2018 were included. 13 Since
information on NICU admission was exclusive to the 2003 revision of the U.S. birth certificate,
we excluded births recorded using the earlier version (12.1%). We also excluded those weighing
less than 500 grams (0.1%) or born before 23 completed weeks of gestational age (0.1%) as they
are generally not considered viable with current technology. 14-17 Finally, we excluded births with
unknown NICU information (0.3%), birthweight (0.1%), gestational age (0.1%), or Apgar score
(0.4%).

NICU Admission and Race/Ethnicity
The primary outcome-of-interest was a NICU admission, which was measured as the proportion
of live births who were admitted to a NICU. According to the CDC’s guideline for completion of
the 2003 U.S. birth certificate, NICU admission is defined as “admission into a facility or unit
staffed and equipped to provide continuous mechanical ventilator support for a newborn.” 18 This
definition of NICU care is comparable to Levels III and IV of neonatal care as established by the
American Academy of Pediatrics (AAP).4 The primary exposure of interest was maternal
race/ethnicity as reported separately on birth certificates. We used the bridged race for responses
that included more than one race and combined the bridged race and Hispanic ethnicity into the
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following categories: non-Hispanic white (“white”), non-Hispanic black (“black”), Hispanic, and
other.

Risk Adjustment
We risk adjusted NICU admission rates to account for the differences in the infant health status
by race/ethnicity over the study period. Neonatal characteristics indicating an infant’s health
status from well-established severity illness and mortality risk scores were assessed to identify
risk factors associated with NICU care.19-24 Although these factors were mostly validated among
VLBW infants for neonatal mortality, we considered them to be relevant to an infant’s health
status beyond VLBW and associated with NICU admission. 5,24 Among known risk factors,
gestational age using the obstetric estimate of gestation at delivery (OE), small for gestational
age (SGA), large for gestational age (LGA), 5-min Apgar, plurality, cesarean delivery, and sex
were associated with NICU admission and included in the risk adjustment. 5,19-30 We excluded
birth defects, as there was very little variation because most of the infants were born without
defects. Last, we did not consider any maternal characteristics other than the mother’s
race/ethnicity because our primary research question was to assess the difference in NICU
admission by race/ethnicity accounting for infant health status differences that would reflect
need.31 Socioeconomic status of mother and maternal risk factors are considered as underlying
sources of race/ethnic disparities or risk factors for the infant’s health. 32 Therefore, including
them may obscure racial/ethnic differences in NICU admission. 32-34 Details of the modeling
strategy are presented in the supplemental materials.
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Statistical Analysis
Analyses were conducted overall and stratified by birth weight group as VLBW (<1500g),
moderately low birth weight (MLBW, 1500-2499g) and normal to high birth weight (NHBW,
≥2500g). Univariable analyses were conducted to assess association between each of risk factors
-gestational age, SGA, LGA, 5-min Apgar, plurality, cesarean delivery, and sex- and NICU
admission. Multivariable logistic regression models were specified with NICU admission as the
dependent variable and race/ethnicity as a primary independent variable while adjusting for birth
year and risk factors that were statistically significant in univariable analysis. To assess
differential temporal trends for NICU admission across race/ethnicity, we included interaction
terms between birth year and race/ethnicity in the models. The model-adjusted NICU admission
rates were estimated with predicted probabilities using Stata command margins based on
marginal standardization method and adjusted rate ratios (ARRs) for black and Hispanic infants
compared with white infants were estimated using Stata command nlcom.35

To identify the relative contributions of birth weight groups to the NICU admission increase, we
partitioned the difference between 2008 and 2018 NICU admission rates into the two
contributing components using Kitagawa rate decomposition analysis. 36 One component is the
contribution by distributional change in birth weight holding birth weight-specific rate constant.
The other is the contribution by changes in birth weight-specific rate holding the birth weight
distribution constant.36 If birth weight-specific NICU admission rates are constant over time,
changes in temporal NICU admission trends may be predominantly associated with changes in
birth weight distribution. If birth weight-specific NICU admission rates change over time while
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there is no change in birth weight distribution, this may reflect improved access or change in
medical practice.

We assessed the representativeness of our study cohort by comparing birth cohorts recorded with
the 2003 revision to total U.S. birth cohorts for 2008-2015 before the 2003 revision had been
implemented in all U.S. states and the District of Columbia. We conducted sensitivity analyses
for temporal trends limiting analysis to births that occurred in the 27 U.S. states where the 2003
revision had been used throughout the entire study period (2008-2018). All statistical analyses
were performed using Stata, version 16.0 (StataCorp LLC., College Station, TX). The study
protocol was approved by the Committee for the Protection of Human Subjects (CPHS) at the
University of Texas Health Science Center at Houston.

Results
From 2008 to 2018, there were 43,872,185 live births. Of these, 38,011,843 births were included
in the study sample. Cohort derivation was described in the supplement (eFigure 1). In the study
sample, 53.1% were white, 14.4% were black, and 24.3% were Hispanic (Table 1). Black and
Hispanic mothers were twice more likely than white mothers to be adolescent, unmarried, and
receive Medicaid and WIC (the special supplemental nutrition program for women, infants, and
children). Black and Hispanic mothers had lower education levels and lived in large central
metro areas. The percentage of cesarean delivery was 32.4% and slightly higher among black
infants than among white and Hispanic infants (Table 1). Percentages of VLBW and LBW were
two times higher among black infants compared with white and Hispanic infants.
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Trends for Crude NICU Admission Rates by Race/Ethnicity
Overall crude NICU admission rates increased from 6.62% (95% CI 6.59-6.65) in 2008 to 9.07%
(95% CI 9.04-9.10) in 2018, a 37% growth. Increases were observed regardless of race/ethnicity:
6.58% (95% CI 6.54-6.62 ) to 8.50% (95% CI 8.46-8.53) among white infants, 9.09% (95% CI
8.99-9.18) to 12.03% (95% CI 11.94-12.11) among black infants, and 5.70% (95% CI 5.65-5.75
) to 8.63% (95% CI 8.57-8.69) among Hispanic infants (Figure 1 and eTable 1-4). NICU
admission rates were the highest among black infants across all years. Among Hispanic infants,
the NICU admission rate was the lowest in 2008, but it increased the most with the largest
percent change (51.4%) compared with white (29.1%) and black (32.4%) infants.

In the birth weight-stratified analysis, white infants had higher NICU admission rates in the
VLBW and MLBW groups, whereas black infants had higher NICU admission rates in the
NHBW group (Figure 1). The differences in NICU admission rates among the highest risk group
(VLBW) were prominent between white and Hispanic infants in 2008, but greatly decreased. In
the MBLW group, the differences in NICU admission rates between white and black infants
remained persistent over the study period. Figure 1.E shows how racial/ethnic differences of
NICU admission rates across birth weights changed between 2008 and 2018. Similar trends
emerged in the gestational age-stratified analysis. White infants had higher NICU admission
rates in lower gestational age groups (≤36 wks), whereas black infants had higher NICU
admission rates in higher gestational age groups (>36 wks) (eFigure 2).
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Trends for NICU Admission Rate Ratios by Race/Ethnicity
Table 2 shows trends for rate ratios of NICU admission between black and white infants and
between Hispanic and white infants overall and by birth weight groups. Black infants had an
approximately 40% higher rate of NICU admission than white infants over the study period,
whereas Hispanic infants had a 12% lower NICU admission rate than white infants in 2008 but
reached the same rate by 2015. Overall risk-adjusted rate ratios remained close to 1 for both
black and Hispanic infants. However, birth weight stratified analyses showed different trends.
Between black and white infants, adjusted rate ratios remained close to 1 in the VLBW group,
slightly lower in the MLBW group but higher in the NHBW group. Between Hispanic and white
infants, adjusted rate ratios were lower than 1 but increased over the years in the VLBW and
MLBW groups but continued to be higher than 1 in the NHBW group.

Contribution of Birth Weight to the Overall increase in NICU Admission by Race/Ethnicity
The change in the birth weight distribution was small (percentage changes: VLBW -1.7%,
MLBW 4.1% and NHBW -0.3%) while the increase in NICU admission rates was observed
across all birth weight groups (percentage changes: VLBW 9.8%, MLBW 21.6% and NHBW
54.4%). Overall increase of 2.48 percentage points was decomposed into 0.08 (3.4%) attributed
to changes in the birth weight distribution and 2.37 (96.6%) attributed to changes in the birth
weight-specific NICU admission rate (Table 3). Analyses by race/ethnicity revealed different
patterns. Among white infants, the proportions of VLBW and MLBW infants decreased by
11.6% and 2.1%, negating the effect of increasing birth weight-specific NICU admission rates (.15 of 2.06). Among black infants, the increase in NICU admission rates was mostly driven by
the growth in birth weight-specific NICU admission rates, but a slight increase in the proportion
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of MLBW also contributed to a positive increase in NICU admission. The contribution of birth
weight distribution changes to increasing NICU admission was most noticeable among Hispanic
infants as their proportions of VLBW and MLBW infants increased by 5.2% and 7.9%,
respectively. Figure 2 shows that VLBW, MLBW and NHBW groups contributed 3.2%, 26.4%
and 70.4%, respectively to the overall NICU admission rate increase. The relative contribution of
NHBW group to the increasing trend of NICU admissions was much larger among white infants
(82.8%) than black (60.3%) or Hispanic (66.5%) infants.

Sensitivity Analysis
Maternal and neonatal characteristics were similar between births recorded with the revised
version of birth certificate and total births, suggesting that our study population represented
national trends in NICU admission (eTable 5). When we limited our analysis to births in the U.S.
states where the 2003 revision had been used throughout the entire study period, we found that
trends in NICU admission overall and by race/ethnicity were consistent (eTable 6).

Discussion
Overall NICU admission rates increased by 37% from 2008 to 2018, and the increasing trends
were observed among all racial and ethnic groups. The absolute and percent increases were the
smallest among white infants as their birth outcomes improved during the study period, reducing
the need for NICU admissions. On the other hand, NICU admission rates remained highest
among black infants reflecting high rates of preterm birth and low birth weight. Hispanic infants
had lowest NICU admission rates in early study years but reached rates similar to those of white
infants in later years. Partitioning the changes in NICU admission rates into the effect of birth
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weight distribution and the effect of birth weight-specific rate, we found that changes in birth
weight-specific NICU admission rates were the main contributor to the overall increasing trend
in rates among all race/ethnicity. Analyses by race/ethnicity revealed that infants in the NHBW
group made the greatest relative contributions to NICU admission rate increase, especially
among white infants.

Most differences in overall NICU admission by race/ethnicity disappeared after the risk
adjustment. This could indicate that crude racial/ethnic rate differences were justified by
different risks or needs. These average findings, however, obscure important differences revealed
in stratified analyses. In the VLBW and MLBW groups, compared to white infants, black and
Hispanic infants had lower risk-adjusted NICU admission rates that were catching up in recent
years. This may reflect improved access to timely appropriate NICU care among high-risk
infants through increasing health care coverage coupled with growing NICU supply. 37-41 Higher
rates of NICU admissions with little racial/ethnic differences among high risk infants, especially
VLBW infants who are recommended to be admitted to a NICU according to the AAP guideline,
are encouraging trends in perinatal care.

In contrast, black and Hispanic infants maintained higher risk-adjusted NICU admission rates in
the NHBW group. The higher use of NICUs in this low risk group may indicate overutilization
of NICUs. The growth in NICU bed supply has outpaced measured need 37, and the greater
availability of NICU beds is known to be associated with greater utilization. Freeman
demonstrated that available NICU beds increased additional NICU utilization among those less
ill or in the range of birth weights in which admission decisions are likely to be more
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discretionary.42 Shulman et al found that among infants born at GA of 34 weeks or more, inborn
admission rates for specific GA strata correlated strongly with overall inborn admission rates and
did not significantly correlate with percentage of admissions with high illness acuity. 7 Similarly,
Ziegler et al found significant between-hospital variation in NICU admission rates that cannot be
explained by infant health condition among infants born 35 to 42 weeks' gestation. 10 Harrison et
al found that non-VLBW infants were more likely to be admitted to a NICU in regions with the
highest NICU bed supply, indicating possible overuse.11 In our study population, almost 50% of
the black and Hispanic mothers compared with 28% of white mothers resided in a large central
metro area where they were likely to be close to large hospitals with NICU beds. 40,41,43 Increased
capacity, payments that reward NICU care, perhaps disproportionately to its value in lower risk
newborns, and weak state regulation may cause potential overuse of NICU among NHBW
infants.44 The U.S. has significantly greater neonatal clinicians and NICU beds per capita than
other developed countries with provision of neonatal intensive care extended beyond regional or
academic centers.45,46 Yet, there lacks of clear criteria for designating levels of risk-appropriate
neonatal care and capability across states.44

Strengths and Limitations
This study is one of few that compares NICU utilization by race/ethnicity and the first study to
evaluate the effect of race/ethnicity on NICU admission rate as a primary interest across all birth
weights.24,40,41 The literature is rich in evaluating the quality of care across providers or hospital
characteristics, but it is often limited to VLBW or VPT infants. When race/ethnicity is included,
it is usually as a covariate in statistical modeling rather than as a primary study exposure. 47,48
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Understanding racial/ethnic differences in NICU admission is particularly relevant given that
racial/ethnic differences in birth outcomes are persistent. 49,50

This study has some limitations. First, even though the birth certificate form defines NICU
admissions, differences in coding may have occurred across states and hospitals. A 2012 policy
statement by the AAP defines a NICU as a level III and IV facilities, where ongoing assisted
ventilation for 24 hours or more is available,4 but there is a wide variation among states in the
definition and criteria of a NICU and accuracy of coding may improve over the years. 51
However, increasing NICU admission trends were observed also in hospital discharge data 42 and
validation studies on the accuracy of birth certificate data report a good agreement on NICU
admission between birth certificates compared to hospital medical records. 52 Second, our study
may have underestimated NICU admissions since birth certificates are required to be filed within
5 days of the date of birth.53,54

Conclusions
From 2008 to 2018, there was little difference in overall risk-adjusted NICU admission rates by
race/ethnicity. However, birth weight-stratified analysis revealed that racial/ethnic differences
diminished in the VLBW and MLBW groups while risk-adjusted NICU admission rates
remained higher among black and Hispanic infants in the NHBW group. The decline in infants
of VLBW and MLBW mitigated the overall increase in NICU admission rates among white
infants. Improvement of birth weight among black and Hispanic, who currently have higher
VLBW and MLBW rates, will slow the increases in NICU use. Increasing NICU admission rates
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in the NHBW group contributed the most to overall NICU admission increase and further study
is needed to identify the reasons for this trend and prevent possible overuse of NICU care.
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Tables and Figures
Table 1. Maternal and Neonatal Characteristics of Live Births: United States, 2008-2018
Mother's race/ethnicity
No. of births
% of births
Maternal Characteristics, %
Age category, y
<20
20-24
25-29
30-34
35-39
40-54
Payment sourcea
Medicaid
Private Insurance
Self-Pay
Other
Unknown
WIC receiveda
Unmarriedb
Educational attainment
Less than high school
High school
Some college
Associate or Bachelor's degree
Master's or higher degree
Unknown
Urban-Rural classificationc
Large central metro
Large fringe metro
Medium metro
Small metro
Micropolitan
Noncore
Neonatal Characteristics, %
Female
Multiple gestations
Cesarean delivery
Birthweight category, g
<1500
1500-2499
2500-3999
≥4000
Gestational age, wk
<32
32-36
37-38

Births, No. (%)
All
White
38,011,843 20,202,011
100.0
53.1

Black
5,484,266
14.4

Hispanic
9,233,196
24.3

Other
3,092,370
8.1

7.1
22.2
28.7
26.2
12.8
3.0

5.2
19.8
30.0
28.9
13.2
2.9

10.9
29.9
27.3
19.5
9.9
2.6

10.6
26.0
27.5
21.6
11.5
2.9

3.0
12.2
26.6
34.3
19.2
4.8

43.0
47.5
4.1
4.4
1.1
42.4
40.4

31.2
61.0
2.9
4.0
1.0
29.0
29.2

65.1
26.8
2.9
4.1
1.0
61.5
71.0

59.7
26.4
7.3
5.5
1.2
64.8
52.6

31.5
57.8
5.0
4.7
1.1
29.9
22.8

16.1
25.1
20.5
26.5
10.6
1.2

8.5
21.9
21.1
34.1
13.9
0.5

17.3
33.4
26.4
16.8
5.1
0.9

34.1
30.4
18.0
13.1
3.1
1.3

9.8
16.3
13.4
33.6
20.9
6.0

38.4
19.5
22.4
9.9
7.7
2.1

28.4
21.0
24.3
12.9
10.5
3.0

47.2
20.5
19.1
7.6
4.6
1.0

49.5
16.4
22.6
6.2
4.4
0.9

55.5
17.8
14.7
5.6
4.7
1.8

48.8
3.4
32.4

48.7
3.7
31.6

49.2
3.9
35.7

49.0
2.4
32.0

48.5
3.2
32.7

1.2
6.7
84.3
7.8

1.0
5.9
83.6
9.5

2.5
10.5
82.7
4.4

1.1
5.9
85.9
7.1

1.1
7.2
86.3
5.5

1.4
8.2
26.3

1.1
7.8
24.7

2.6
10.5
28.6

1.3
7.8
27.9

1.2
7.8
28.0
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39-40
≥41
5-Minute Apgar score
<7
7-8
9-10

57.5
6.7

59.0
7.4

52.7
5.6

57.1
6.0

57.1
5.9

1.8
12.6
85.5

1.8
13.6
84.5

3.0
14.2
82.8

1.3
10.1
88.6

1.4
10.8
87.8

a

Information was restricted to births since 2009 when they started to be collected.

b

Births occurring in or to residents of California in 2017-2018 were excluded due to state statutory restrictions.

c

The National Center for Health Statistics’ (NCHS) Urban–Rural Classification Scheme for Counties was used.
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Figure 1. Temporal Trends for Crude NICU Admission Rates for 2008-2018 by Birth Weight
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Table 2. Trends for Crude and Adjusted Rate Ratios for NICU Admission among Black and Hispanic Infants Compared with White
Infants, 2008-2018

NICU, All
Black RR
Hispanic RR
Black ARR
Hispanic ARR
NICU, VLBW
Black RR
Hispanic RR
Black ARR
Hispanic ARR
NICU, MLBW
Black RR
Hispanic RR
Black ARR
Hispanic ARR
NICU, NHBW
Black RR
Hispanic RR
Black ARR

2008
6.62
1.38
(1.36-1.40)
0.88
(0.86-0.88)
1.03
(1.03-1.04)
0.98
(0.98-0.99)
81.44
0.97
(0.96-0.98)
0.91
(0.89-0.92)
0.98
(0.97-0.98)
0.92
(0.91-0.93)
36.74
0.85
(0.83-0.86)
0.88
(0.87-0.89)
0.96
(0.95-0.97)
0.95
(0.94-0.96)
3.47
1.12
(1.09-1.14)
0.87
(0.86-0.88)
1.08

2009
7.02
1.40
(1.38-1.41)
0.91
(0.89-0.91)
1.03
(1.03-1.04)
0.99
(0.98-0.99)
82.53
0.97
(0.96-0.98)
0.92
(0.91-0.93)
0.98
(0.98-0.99)
0.93
(0.92-0.94)
38.29
0.87
(0.85-0.88)
0.91
(0.90-0.93)
0.96
(0.96-0.97)
0.96
(0.95-0.96)
3.79
1.15
(1.13-1.17)
0.91
(0.90-0.93)
1.08

2010
7.43
1.38
(1.37-1.40)
0.93
(0.91-0.93)
1.04
(1.03-1.04)
0.99
(0.99-1.00)
83.47
0.96
(0.95-0.97)
0.93
(0.92-0.94)
0.98
(0.98-0.99)
0.94
(0.93-0.94)
39.39
0.84
(0.83-0.85)
0.90
(0.89-0.92)
0.96
(0.96-0.97)
0.96
(0.96-0.97)
4.10
1.17
(1.15-1.19)
0.95
(0.94-0.97)
1.08

2011
7.48
1.42
(1.41-1.44)
0.96
(0.94-0.96)
1.04
(1.03-1.04)
1.00
(1.00-1.00)
84.59
0.99
(0.98-1.00)
0.94
(0.93-0.95)
0.99
(0.98-0.99)
0.95
(0.94-0.95)
40.04
0.87
(0.86-0.88)
0.93
(0.92-0.94)
0.97
(0.96-0.97)
0.97
(0.96-0.97)
4.12
1.19
(1.17-1.21)
0.96
(0.95-0.98)
1.08

2012
7.74
1.39
(1.38-1.41)
0.96
(0.95-0.96)
1.04
(1.04-1.04)
1.01
(1.01-1.01)
85.75
0.99
(0.98-1.00)
0.95
(0.94-0.96)
0.99
(0.99-0.99)
0.96
(0.95-0.96)
41.14
0.87
(0.85-0.88)
0.93
(0.91-0.94)
0.97
(0.96-0.97)
0.97
(0.97-0.98)
4.35
1.16
(1.14-1.17)
0.97
(0.96-0.98)
1.07
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2013
7.90
1.37
(1.36-1.38)
0.99
(0.97-0.99)
1.04
(1.04-1.04)
1.02
(1.01-1.02)
85.97
1.00
(0.99-1.01)
0.97
(0.96-0.98)
0.99
(0.99-1.00)
0.96
(0.96-0.97)
41.49
0.86
(0.84-0.87)
0.94
(0.93-0.95)
0.97
(0.97-0.97)
0.98
(0.98-0.98)
4.47
1.13
(1.11-1.15)
0.99
(0.97-1.00)
1.07

2014
8.17
1.37
(1.36-1.39)
0.99
(0.97-0.99)
1.04
(1.04-1.05)
1.02
(1.02-1.02)
86.60
0.99
(0.98-0.99)
0.97
(0.96-0.98)
0.99
(0.99-1.00)
0.97
(0.97-0.97)
42.29
0.85
(0.84-0.87)
0.95
(0.94-0.96)
0.97
(0.97-0.97)
0.98
(0.98-0.99)
4.70
1.15
(1.13-1.17)
0.99
(0.98-1.01)
1.07

2015
8.44
1.38
(1.37-1.39)
1.00
(0.98-1.00)
1.05
(1.04-1.05)
1.03
(1.03-1.03)
87.54
0.99
(0.99-1.00)
0.97
(0.96-0.98)
1.00
(0.99-1.00)
0.98
(0.97-0.98)
43.26
0.86
(0.85-0.87)
0.96
(0.95-0.97)
0.97
(0.97-0.98)
0.99
(0.99-0.99)
4.88
1.14
(1.12-1.15)
0.99
(0.98-1.00)
1.07

2016
8.66
1.40
(1.39-1.41)
1.01
(0.99-1.01)
1.05
(1.04-1.05)
1.04
(1.03-1.04)
88.33
1.00
(0.99-1.00)
0.97
(0.96-0.98)
1.00
(1.00-1.00)
0.98
(0.98-0.99)
43.49
0.88
(0.87-0.89)
0.95
(0.94-0.97)
0.98
(0.97-0.98)
0.99
(0.99-1.00)
5.05
1.15
(1.14-1.17)
0.99
(0.98-1.00)
1.07

2017
8.90
1.40
(1.38-1.41)
1.01
(1.00-1.01)
1.05
(1.05-1.05)
1.04
(1.04-1.05)
88.86
1.00
(0.99-1.01)
0.99
(0.98-1.00)
1.00
(1.00-1.00)
0.99
(0.98-0.99)
43.76
0.88
(0.87-0.89)
0.96
(0.95-0.97)
0.98
(0.97-0.98)
1.00
(0.99-1.00)
5.23
1.15
(1.13-1.16)
0.99
(0.98-1.00)
1.07

2018
9.07
1.42
(1.40-1.43)
1.02
(1.01-1.02)
1.05
(1.05-1.06)
1.05
(1.05-1.05)
89.42
1.00
(0.99-1.01)
0.99
(0.98-1.00)
1.00
(1.00-1.01)
0.99
(0.99-1.00)
44.67
0.89
(0.88-0.89)
0.97
(0.96-0.98)
0.98
(0.97-0.98)
1.00
(1.00-1.01)
5.36
1.15
(1.14-1.16)
0.99
(0.98-1.00)
1.07

Hispanic ARR

(1.07-1.09)
1.02
(1.01-1.03)

(1.07-1.09) (1.07-1.08) (1.07-1.08) (1.07-1.08) (1.07-1.08) (1.07-1.08) (1.07-1.08) (1.07-1.08) (1.06-1.08) (1.06-1.08)
1.03
1.03
1.04
1.05
1.05
1.06
1.07
1.07
1.08
1.09
(1.02-1.03) (1.03-1.04) (1.04-1.05) (1.04-1.05) (1.05-1.06) (1.06-1.06) (1.06-1.07) (1.07-1.08) (1.08-1.09) (1.08-1.09)

Abbreviations: NICU, neonatal intensive care unit; RR, rate ratio; ARR, adjusted rate ratio; VLBW, very low birth weight (<1500g); MLBW, moderately low birth
weight (1500-2499g); NHBW, normal to high birth weight (≥2500g).
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Table 3. Contributions of Changes in the Birth Weight Distribution and Birth Weight-Specific
NICU admission to Temporal Changes in NICU Admission Rates by Race/Ethnicity between
2008 and 2018
% of Distribution
BW, g

2008

BW-Specific NICU Rate

Rate Change Components
BW
BW-Specific Total
Percentage
Percentage
Distribution
Rate
Effect
2018
Change
2008 2018
Change

All Race/Ethnicity
<1500
1.22
1.20
1500-2499
6.62
6.89
≥2500
92.16 91.91
Total
100.00 100.00

-1.72
4.14
-0.27
NA

81.44
36.74
3.47
6.62

89.42
44.67
5.36
9.07

9.80
21.57
54.39
37.02

-0.02
0.11
-0.01
0.08

0.10
0.54
1.74
2.37

0.08
0.65
1.73
2.45

White
<1500
1500-2499
≥2500
Total

1.03
0.91
6.03
5.91
92.94 93.19
100.00 100.00

-11.57
-2.07
0.26
NA

84.39
39.68
3.57
6.58

89.77
46.97
5.26
8.50

6.38
18.38
47.35
29.10

-0.10
-0.05
0.01
-0.15

0.05
0.44
1.57
2.06

-0.05
0.38
1.59
1.91

Black
<1500
1500-2499
≥2500
Total

2.50
2.45
10.62 11.04
86.88 86.52
100.00 100.00

-2.02
3.93
-0.42
NA

82.05
33.66
3.99
9.09

89.98
41.58
6.06
12.03

9.66
23.54
51.86
32.38

-0.04
0.16
-0.02
0.10

0.20
0.86
1.79
2.85

0.15
1.01
1.77
2.94

Hispanic
<1500
1500-2499
≥2500
Total

1.03
1.08
5.78
6.24
93.19 92.68
100.00 100.00

5.21
7.92
-0.55
NA

76.58
34.98
3.11
5.70

88.64
45.39
5.22
8.63

15.75
29.76
68.22
51.35

0.04
0.18
-0.02
0.21

0.13
0.63
1.97
2.72

0.17
0.81
1.95
2.93

Abbreviation: BW, birth weight.
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Figure 2. Relative Contributions of Birth Weight Distribution and Birth Weight-Specific Rate to Changes in NICU Admission Rate
from 2008 to 2018
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80

70.9 70.4

67.2 66.5

60.9 60.3

60
40
21.9

20
3.93.2

26.4

22.719.9

4.5

3.4

2.7

-0.5

-5.4 -2.7 -2.8

-20
VLBW

MLBW

NHBW

All

Total

VLBW

-7.7

MLBW

NHBW

27.6
21.4

6.7 5.2 5.3

0.6

0
-0.7

34.5
29.2

Total

White

3.2

4.3 5.9

7.1

6.3
-0.7

-0.6

-1.5

VLBW

1.5

MLBW

NHBW

Black

Total

VLBW

MLBW

NHBW

Total

Hispanic

Abbreviations: NICU, neonatal intensive care unit; VLBW, very low birth weight (<1500g); MLBW, moderately low birth weight (1500-2499g); NHBW,
normal to high birth weight (≥2500g).
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Appendix
Modeling Strategy for Risk Adjustment
We selected potential risk factors mainly from four well-known risk adjustment scores that have
been widely used in the United States and United Kingdom and included factors beyond
physiologic variables, which were not available on the birth certificate.1-5 When the updated or
improved version of risk adjustment score model was available, it was used (SNAP-PE II and
CRIB II).

Comparison of Data Components in Mortality Risk Adjustment Scores for Neonatal
Intensive Care Unit Settings
NICU Mortality Risk Adjustment Scores
SNAP-PE II
Population
All NICU patients
<1500 g birth weight
22 to 25 wk gestation
Excludes lethal anomalies
<31 wk gestation
<32 wk gestation
Birth characteristics
Birth weight
Small for gestational age
Apgar score
Gestational age
Birth defects
Gender
Plurality
Antenatal steroids
Transfer
Mode of delivery
Clinical characteristics

CRIB II

+

+

VON-RA

NICHD 2008

+
+
+

+
+
+
+

+

+
+

+
+
+
+
+
+
+

+
+
+
+

+
+
+

+

We excluded birth defect and transfer status because of their infrequency or unreliability. The
definition of birth defect was inconsistent, and its infrequency was not expected to add
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discrimination because almost all the infants were without a birth defect. Transfer was merely a
proxy for NICU admission and was also not expected to add discrimination because almost all
infants were inborn. Gestational age was in completed weeks, and small for gestational age
(SGA, Yes or No) and large for gestational age (LGA, Yes or NO) were defined as below the
10th percentile and above the 97 percentiles for birth weight respectively, given the infant’s
gestational age, race/ethnicity and gender based on the United States 2008-2018 natality data.

Univariable logistic regressions for each of the candidate risk factors versus NICU admission
were conducted, and area under receiver operator characteristic (ROC) curve was assessed.
Within each variable, adjacent risk categories were consolidated if their area under ROCs did not
differ significantly.

Univariable Logistic Regression for Potential Risk Factors
Coeff.
Gestational Age
<32
5.194
32
4.986
33
4.826
34
4.365
35
2.989
36
1.896
37
0.964
38
0.270
39-40
Reference
>=41
0.299
5-min Apgar Score
<7
2.964
7-8
1.538
9-10
Reference
Cesarean
Delivery
1.038
Plurality
2.126
SGA
0.497

Std. Err.

z

p-value

95% CI

<0.0001a
0.004
0.006
0.005
0.003
0.003
0.002
0.002
0.002

1266.36
789.24
949.18
1273.03
1112.58
766.53
410.37
117.14

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

5.186
4.974
4.816
4.358
2.984
1.892
0.959
0.266

5.202
4.999
4.836
4.371
2.994
1.901
0.968
0.275

0.003

89.16

0.292

0.305

0.003
0.001

1176.95
1116.5

<0.0001
<0.0001a
<0.0001
<0.0001

2.959
1.535

2.969
1.541

0.001
0.002
0.002

859.4
1103.62
289.47

<0.0001
<0.0001
<0.0001

1.036
2.122
0.494

1.041
2.130
0.501
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Female Sex
-0.170
0.001
LGA
0.284
0.003
a
Factor p-value for overall significance.

-142
90.02

<0.0001
<0.0001

-0.173
0.278

Area under the ROC from Univariable Regressions
Area Under ROC
curve
Gestational Age
5-min Apgar Score
Cesarean Delivery
Plurality
SGA
Female Sex
LGA

0.7932
0.6659
0.6242
0.5697
0.5260
0.5212
0.5046

Std. Err.
0.0002
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
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95% CI
0.79288
0.66564
0.62387
0.56952
0.5258
0.52091
0.50446

0.79352
0.66622
0.62445
0.56993
0.52621
0.52149
0.50469

-0.168
0.290

We built multivariable models by starting with gestational age and adding a risk factor in the model one by one based on the area
under ROC from univariable regressions. We compared models for predictive performance using the area under ROC. Our final model
included gestational age, 5-min Apgar score, cesarean delivery, plurality, SGA, female sex and LGA. The area under ROC was
0.8581, which was considered excellent discrimination.6
Multivariable Logistic Regressions
Gestational Age
<32
32
33
34
35
36
37
38
39-40
≥41
5-min Apgar
<7
7-8
9-10
C-section
Plurality
SGA
Female Sex
LGA
Area Under ROC
(95% CI)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

Coef.
SE
5.194 0.004
4.986 0.006
4.826 0.005
4.365 0.003
2.989 0.003
1.896 0.002
0.964 0.002
0.270 0.002
reference
0.299 0.003

Coef.
SE
4.585 0.004
4.756 0.006
4.685 0.005
4.279 0.004
2.878 0.003
1.795 0.003
0.906 0.002
0.262 0.002
reference
0.239 0.003

Coef.
SE
4.435 0.004
4.625 0.007
4.579 0.005
4.197 0.004
2.797 0.003
1.722 0.003
0.862 0.002
0.255 0.002
reference
0.271 0.003

Coef.
SE
4.387 0.004
4.570 0.007
4.526 0.005
4.148 0.004
2.750 0.003
1.684 0.003
0.841 0.002
0.247 0.002
reference
0.270 0.003

Coef.
SE
4.448 0.004
4.630 0.007
4.583 0.005
4.199 0.004
2.785 0.003
1.706 0.003
0.849 0.002
0.247 0.002
reference
0.270 0.003

Coef.
SE
4.449 0.004
4.628 0.007
4.581 0.005
4.198 0.004
2.783 0.003
1.703 0.003
0.847 0.002
0.245 0.002
reference
0.269 0.003

Coef.
SE
4.447 0.004
4.628 0.007
4.582 0.005
4.199 0.004
2.783 0.003
1.703 0.003
0.846 0.002
0.244 0.002
reference
0.269 0.003

2.406 0.003
1.143 0.002
reference

2.358 0.003
1.120 0.002
reference
0.634 0.001

2.363 0.003
1.121 0.002
reference
0.613 0.002
0.216 0.003

2.341 0.003
1.117 0.002
reference
0.605 0.002
0.143 0.003
0.661 0.002

2.336 0.003
1.117 0.002
reference
0.604 0.002
0.149 0.003
0.660 0.002
-0.164 0.002

2.332 0.003
1.115 0.002
reference
0.595 0.002
0.164 0.003
0.675 0.002
-0.164 0.002
0.359 0.004

0.7932
0.8415
0.8528
0.8529
0.8558
0.8571
0.8581
(0.7929-0.7935) (0.8412-0.8418) (0.8525-0.8531) (0.8527-0.8532) (0.8555-0.8560) (0.8569-0.8574) (0.8578-0.8583)
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eFigure 1. Cohort Derivation

Total live births in the United States, 2008-2018
(n=43,872,185)

Births in 22 U.S. states and the District of Columbia where
the 2003 revision of the U.S. birth certificate had not been
fully implemented by 2009 excluded (n=5,330,352)

Births to non-U.S. resident mothers excluded (n=96,168)

Births excluded due to inviability or missing information
(n=433,822)*
-Birth weight <500 gram (n=56,557)
-Unknown birth weight (n=39,149)
-Gestational age<23 completed weeks (n=59,714)
-Gestational age>44 completed weeks (n= 2,485)
-Unknown gestational age (n=39,304)
-Births with unknown Apgar 5-min score (n= 188,679)
-Births with unknown NICU admission (n= 137,356)

*Births could have been excluded for meeting more
than one exclusion criteria.

Final study population (n= 38,011,843)
White (n=20,202,011)
Black (n=5,484,266)
Hispanic (n=9,233,196)
Other (n=3,092,370)
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eTable 1. Temporal Trends for Crude NICU Admission Rates for 2008-2018 by
Race/Ethnicity, All Birth Weights
NICU admission, % (95% CI)
Year

All

White

Black

Hispanic

2008

6.62 (6.59-6.65)

6.58 (6.54-6.62)

9.09 (8.99-9.18)

5.70 (5.65-5.75)

2009

7.02 (6.99-7.05)

6.89 (6.84-6.93)

9.62 (9.53-9.72)

6.21 (6.15-6.26)

2010

7.43 (7.40-7.45)

7.19 (7.15-7.23)

9.96 (9.87-10.05)

6.64 (6.59-6.70)

2011

7.48 (7.45-7.51)

7.14 (7.10-7.18)

10.17 (10.09-10.26)

6.77 (6.72-6.83)

2012

7.74 (7.71-7.77)

7.40 (7.36-7.44)

10.32 (10.23-10.40)

7.07 (7.02-7.13)

2013

7.90 (7.87-7.92)

7.52 (7.48-7.55)

10.29 (10.21-10.37)

7.34 (7.28-7.40)

2014

8.17 (8.14-8.20)

7.78 (7.74-7.81)

10.68 (10.60-10.76)

7.64 (7.58-7.69)

2015

8.44 (8.41-8.47)

7.99 (7.95-8.02)

11.03 (10.95-11.11)

7.93 (7.87-7.98)

2016

8.66 (8.63-8.68)

8.16 (8.12-8.20)

11.42 (11.33-11.50)

8.15 (8.09-8.20)

2017

8.90 (8.87-8.93)

8.37 (8.33-8.41)

11.68 (11.60-11.76)

8.42 (8.36-8.48)

2018

9.07 (9.04-9.10)

8.50 (8.46-8.53)

12.03 (11.94-12.11)

8.63 (8.57-8.69)

eTable 2. Temporal Trends for Crude NICU Admission Rates for 2008-2018 by
Race/Ethnicity, Birth Weight <1500g
NICU Admission, % (95% CI)
Year

All

White

Black

Hispanic

2008

81.44 (81.01-81.86)

84.39 (83.78-84.98)

82.05 (81.23-82.86)

76.58 (75.63-77.50)

2009

82.53 (82.12-82.93)

85.11 (84.52-85.69)

82.55 (81.75-83.33)

78.44 (77.51-79.34)

2010

83.47 (83.09-83.84)

85.94 (85.40-86.47)

82.76 (82.03-83.48)

79.84 (78.96-80.70)

2011

84.59 (84.24-84.94)

86.16 (85.65-86.66)

85.66 (85.02-86.28)

81.06 (80.20-81.90)

2012

85.75 (85.41-86.08)

87.07 (86.58-87.56)

86.42 (85.81-87.03)

83.07 (82.26-83.86)

2013

85.97 (85.64-86.30)

86.64 (86.14-87.12)

86.58 (85.98-87.17)

84.06 (83.27-84.84)

2014

86.60 (86.28-86.91)

87.89 (87.43-88.33)

86.58 (85.99-87.15)

85.15 (84.40-85.87)

2015

87.54 (87.24-87.84)

88.25 (87.80-88.69)

87.81 (87.25-88.35)

85.95 (85.23-86.64)

2016

88.33 (88.04-88.62)

88.98 (88.53-89.41)

88.65 (88.12-89.17)

86.56 (85.87-87.23)

2017

88.86 (88.57-89.14)

89.23 (88.78-89.67)

89.17 (88.65-89.68)

88.05 (87.39-88.69)

2018

89.42 (89.13-89.70)

89.77 (89.32-90.21)

89.98 (89.47-90.47)

88.64 (87.98-89.27)
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eTable 3. Temporal Trends for Crude NICU Admission Rates for 2008-2018 by
Race/Ethnicity, Birth Weight 1500-2499g
NICU Admission, % (95% CI)
Year

All

White

Black

Hispanic

2008

36.74 (36.52-36.97)

39.68 (39.35-40.01)

33.66 (33.17-34.14)

34.98 (34.54-35.42)

2009

38.29 (38.07-38.51)

40.86 (40.53-41.19)

35.49 (35.01-35.98)

37.29 (36.84-37.74)

2010

39.39 (39.18-39.61)

42.35 (42.04-42.66)

35.60 (35.15-36.05)

38.30 (37.86-38.75)

2011

40.04 (39.83-40.24)

42.42 (42.13-42.72)

37.02 (36.60-37.45)

39.44 (39.00-39.88)

2012

41.14 (40.93-41.34)

43.82 (43.53-44.12)

37.91 (37.49-38.34)

40.61 (40.16-41.06)

2013

41.49 (41.29-41.69)

44.15 (43.85-44.44)

37.78 (37.36-38.19)

41.36 (40.92-41.81)

2014

42.29 (42.10-42.48)

44.86 (44.58-45.14)

38.35 (37.95-38.75)

42.58 (42.15-43.01)

2015

43.26 (43.07-43.46)

45.73 (45.45-46.01)

39.48 (39.09-39.87)

43.88 (43.46-44.30)

2016

43.49 (43.30-43.68)

45.78 (45.50-46.06)

40.23 (39.85-40.62)

43.72 (43.30-44.13)

2017

43.76 (43.57-43.95)

46.02 (45.74-46.30)

40.35 (39.97-40.73)

44.35 (43.93-44.77)

2018

44.67 (44.48-44.86)

46.97 (46.69-47.26)

41.58 (41.19-41.96)

45.39 (44.97-45.81)

eTable 4. Temporal Trends for Crude NICU Admission Rates for 2008-2018 by
Race/Ethnicity, Birth Weight ≥2500g
NICU Admission, % (95% CI)
Year

All

White

Black

Hispanic

2008

3.47 (3.45-3.49)

3.57 (3.54-3.61)

3.99 (3.92-4.06)

3.11 (3.07-3.15)

2009

3.79 (3.76-3.81)

3.83 (3.79-3.86)

4.39 (4.32-4.47)

3.49 (3.45-3.53)

2010

4.10 (4.08-4.12)

4.06 (4.03-4.09)

4.76 (4.69-4.83)

3.87 (3.83-3.91)

2011

4.12 (4.10-4.14)

4.05 (4.02-4.08)

4.83 (4.76-4.90)

3.90 (3.86-3.94)

2012

4.35 (4.32-4.37)

4.29 (4.26-4.32)

4.96 (4.89-5.02)

4.16 (4.11-4.20)

2013

4.47 (4.45-4.49)

4.40 (4.37-4.43)

4.97 (4.91-5.03)

4.34 (4.29-4.39)

2014

4.70 (4.67-4.72)

4.61 (4.58-4.64)

5.30 (5.24-5.36)

4.58 (4.53-4.62)

2015

4.88 (4.86-4.90)

4.80 (4.77-4.83)

5.45 (5.39-5.52)

4.73 (4.68-4.78)

2016

5.05 (5.03-5.07)

4.95 (4.92-4.98)

5.71 (5.64-5.77)

4.91 (4.87-4.96)

2017

5.23 (5.21-5.26)

5.14 (5.11-5.18)

5.89 (5.83-5.96)

5.10 (5.05-5.14)

2018

5.36 (5.33-5.38)

5.26 (5.23-5.30)

6.06 (5.99-6.12)

5.22 (5.18-5.27)
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eFigure 2. Temporal Trends for NICU Admission by Gestational Age and Race/Ethnicity
for 2008-2018
B. Gestational Age 32-36 wk
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0
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NICU admission, %

C. Gestational Age ≥37 wk

25
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eTable 5. Comparison of the Study Population and Total U.S. Birth Cohorts for 20082015*

No. of Births
Maternal Characteristics, %
Race/Ethnicity
White
Black
Hispanic
Other
Maternal Age, yr
<20
20-24
25-29
30-34
35-39
40-54
Unmarried
Neonatal Characteristics, %
Female
Multiple gestations
Cesarean delivery
Birthweight category, g
<1500
1500-2499
2500-3999
≥4000
Gestational age, wk
<32
32-36
37-38
39-40
≥41
5-Minute Apgar score
<7
7-8
9-10

Study Population
26,912,694

United States
32,249,785

53.1
14.3
24.8
7.9

53.8
14.7
23.6
7.9

8.0
23.2
28.6
25.3
12.1
2.9
40.6

8.2
23.2
28.5
25.1
12.1
2.9
40.6

48.8
3.4
32.5

48.8
3.5
32.5

1.4
6.6
84.1
7.8

1.4
6.7
84.0
7.8

1.6
8.2
26.3
57.1
6.7

1.6
8.2
26.4
56.9
6.7

2.0
12.9
84.6

1.9
12.0
85.6

*Because most of the excluded infants had birth information recorded using the earlier 1989 version of the U.S. birth certificate (up to 2015), we
assessed the representativeness of our study cohort by comparing birth cohorts recorded with the 2003 revision to total U.S. birth cohorts for
2008-2015. Starting with 2016, the 2003 revision had been implemented in all U.S. states and the District of Columbia.
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eTable 6. Temporal Trends for Crude NICU Admission Rates for 2008-2018 by
Race/Ethnicity, All Birth Weights Limited to 27 States*

Year

All

NICU Admission, % (95% CI)
White
Black

2008

6.62 (6.59-6.65)

6.58 (6.54-6.62)

2009

7.03 (7.00-7.06)

2010

7.36 (7.33-7.39)

2011

Hispanic

9.09 (8.99-9.18)

5.70 (5.65-5.75)

6.85 (6.80-6.89)

9.74 (9.65-9.84)

6.22 (6.16-6.27)

7.11 (7.07-7.15)

10.21 (10.11-10.31)

6.56 (6.50-6.62)

7.43 (7.40-7.46)

7.12 (7.07-7.16)

10.28 (10.18-10.39)

6.72 (6.66-6.78)

2012

7.75 (7.71-7.78)

7.42 (7.38-7.47)

10.65 (10.54-10.75)

7.07 (7.01-7.13)

2013

7.96 (7.93-7.99)

7.65 (7.60-7.69)

10.63 (10.52-10.73)

7.33 (7.27-7.39)

2014

8.27 (8.24-8.31)

7.92 (7.87-7.96)

11.07 (10.97-11.18)

7.67 (7.60-7.73)

2015

8.49 (8.46-8.52)

8.12 (8.07-8.16)

11.30 (11.20-11.41)

7.92 (7.85-7.98)

2016

8.71 (8.67-8.74)

8.31 (8.26-8.35)

11.72 (11.61-11.82)

8.09 (8.02-8.15)

2017

8.97 (8.93-9.00)

8.52 (8.47-8.57)

12.04 (11.94-12.15)

8.39 (8.32-8.45)

2018

9.17 (9.13-9.20)

8.65 (8.60-8.70)

12.35 (12.24-12.46)

8.67 (8.60-8.74)

*The 27 states that had implemented the revised birth certificate as of January 1, 2008, were the following: California, Colorado,
Delaware, Florida, Georgia, Idaho, Indiana, Iowa, Kansas, Kentucky, Michigan, Montana, Nebraska, New Hampshire, New Mexico,
New York (including New York City), North Dakota, Ohio, Oregon, Pennsylvania, South Carolina, South Dakota, Tennessee, Texas,
Vermont, Washington, and Wyoming. These states represent 65 % of the births to U.S. residents in 2008.
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Racial/Ethnic Differences in Factors Associated with Neonatal Intensive Care Unit
Admission Growth in the U.S. 2009-2018
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Abstract
IMPORTANCE: Neonatal intensive care unit (NICU) admissions have increased for all birth
weights, particularly in larger and less premature newborns. However, little is known about what
drives the growth of NICU admission rates. Given the racial/ethnic differences in birth outcomes
and access to care, the role of factors associated with increasing NICU admission rates may
differ by race/ethnicity.

OBJECTIVES: To decompose the NICU admission growth between 2009 and 2018 into
contributing factors and to determine whether the relative association of the drivers differ by
race/ethnicity.

DESIGN, SETTING, AND PARTICIPANTS: In this population-based retrospective study, we
used data from restricted natality files provided by the National Center for Health Statistics
(NCHS) at the U.S. Centers for Disease Control and Prevention (CDC) to assess the growth of
NICU admission rates. We included births in 2009 and 2018 to residents of 28 U.S. states where
the latest version (2003) of the U.S. birth certificate had been fully implemented by 2009 (N=
4,990,195).
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MAIN OUTCOMES AND MEASURES: Changes in NICU admission rates between 2009 and
2018 overall and stratified by race/ethnicity. The Oaxaca-Blinder decomposition analysis was
conducted to quantify the contribution of infant health risk, NICU bed supply, and maternal
socioeconomic characteristics to the growth of NICU admission rates.

RESULTS: NICU admission rate increased by 1.78, 2.61, and 2.46 per 100 infants, respectively
for white, black, and Hispanic infants. Changes in infant health risk contributed 0.87 and 0.47 of
NICU admission rate increase per 100 infants among black and Hispanic infants respectively,
while it mitigated the increase by 0.14 among white infants. Increased NICU bed supply
contributed 0.48, 0.04, and 0.28 per 100 infants among white, black, and Hispanic infants,
respectively. Maternal socioeconomic characteristics did not change but changes in their
association with NICU admission contributed most to the NICU admission increase among all
race/ethnic groups (1.05, 1.01, and 0.72 per 100 infants for white, black, and Hispanic infants
respectively).

CONCLUSIONS AND RELEVANCE: The contributions of the factors affecting NICU
admission growth substantially differed by race/ethnicity. Improvement in infant health
mitigated the growth of NICU admission among white infants while changes in the association
of maternal socioeconomic characteristics contributed most among all race/ethnic groups.
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Introduction
Neonatal intensive care has significantly improved the mortality of premature and sick
newborns. 1 In the U.S., the number of neonatal deaths per 1000 live births dropped from 18.73
in 1960 to 3.78 in 2018 and most of the reduction is attributed to neonatal intensive care. 2,3 The
delivery of very low birth weight or very preterm infants at hospitals with a Level III/IV neonatal
intensive care unit (NICU) is now a standard of care.4-7 Although specialized care provided at
NICUs improves the health of infants, it is expensive and can put infants at hospital-associated
health risk and disrupt family dynamics.8,9 Therefore, the benefits of a NICU admission should
be weighed against possible adverse consequences.

Studies show that NICU admission rates have recently increased greatly across all birth weights,
particularly in larger and less premature newborns. 7 However, little is known about what factors
drive the growth of NICU admission rates and how they differ by race and ethnicity that are
important when assessing health risk and access to health care. 10 We hypothesized that the
effects of contributing factors may differ by race/ethnicity. Understanding the differences in
determinants for NICU admissions can be crucial for policymakers in assessing the relative
importance of contributing factors and for developing policies to ensure risk-appropriate care.

Based on Andersen’s Behavioral Model for determinants of health care utilization, 11 we included
infant health risk, regional availability of NICU bed supply, and maternal socioeconomic
characteristics as potential factors affecting NICU admission. Infant health risk determines the
need for NICU admission and increasing NICU admission rates for high-risk infants can be
desirable because those infants can benefit most. However, the growth of admissions among near
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term or normal weight may, on average, be less beneficial suggesting unnecessary or
unwarranted use. The growth in NICU bed supply has outpaced the need12,13 and some studies
underscore the association between NICU bed supply and additional NICU utilization 14-16 similar
to the association of inpatient care with bed capacity among the adult population. Traditional
socioeconomic determinants for health care access and utilization, such as insurance status and
maternal education attainment, can also affect the likelihood of NICU admission. 17,18

In this study, we analyze potential drivers of the growth in NICU admission and quantify their
relative contributions using the Oaxaca Blinder (OB) decomposition for each of white, black,
and Hispanic infant groups.19,20 The classic OB decomposition focusing on group differences of
the mean of primary outcome is suitable for studying changes in primary outcome over different
periods. Using this method, we decomposed the growth of NICU admission rates between 2009
and 2018 into two components; one that is explained by differences in the distribution of the
determinants, and another component that is explained by differences in the effect of the
determinant on the NICU admissions.

Methods
Data Source and Study Population
This is a population-based study using restricted natality files provided by the National Center
for Health Statistics (NCHS) at the U.S. Centers for Disease Control and Prevention (CDC).
Among births occurred in the U.S. in 2009 and 2018 (7,939,370), we included births occurred in
28 U.S. states where the 2003 revision of the U.S. birth certificate had been fully implemented
by 2009 (n=5,268,456). Information on NICU admissions began with the 2003 revision and
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some of the socioeconomic variables for analysis became available since 2009-year data.
Therefore, states, where the 2003 version of the birth certificate had not been fully implemented
by 2009, were excluded as they were not comparably present for both years (n=2,670,914). We
then excluded births to mothers whose state of residence was not U.S. states or the District of
Columbia (n=13,804). We further excluded those weighing less than 500 grams or born before
23 completed weeks of gestational age as they are not considered viable with current
technology,18,20,21 and those with missing information on NICU information, birthweight,
gestational age, Apgar score, payment source of delivery, maternal education and receipt of the
special supplemental nutrition program for women, infants, and children (WIC). To assess
whether excluding infants due to missing information could affect the NICU admission rates or
not, we ran a sensitivity analysis without applying these exclusions except NICU information
and gestational age. The final study cohort contained 4,990,195 births: 2,562,926 births for 2009
and 2,427,269 births for 2018 (Figure1).

NICU Admission by Race/Ethnicity
The outcome of interest was the difference in NICU admission rates between 2009 and 2018.
NICU admission was defined as “admission into a facility or unit staffed and equipped to
provide continuous mechanical ventilator support for a newborn” according to the CDC’s
guideline.21 This definition of NICU care is comparable to Levels III and IV of neonatal care as
established by the American Academy of Pediatrics (AAP).4 NICU admission rates were
measured as NICU admissions per 100 live births. Since the birth certificate is required to be
filed within 5 days of the birth,22 any NICU admission beyond this 5-day period was not
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included. We also assumed infants with the record of NICU admission were fully admitted to a
NICU as the CDC’s guideline states not to include the infants who were taken to the NICU for
observation only.21 We examined changes in NICU admission rates for each race/ethnic group.
Race/ethnicity was identified by combining the bridged race that included more than one race
and Hispanic ethnicity and was categorized into non-Hispanic white (“white”), non-Hispanic
black (“black”), Hispanic, and other.

Contributing Factors
Factors potentially affecting NICU admissions were categorized into infant health risk, regional
availability of NICU beds, and maternal socioeconomic characteristics. Infant health risk
included gestational age, 5-min Apgar score, multiple births, cesarean delivery, small for
gestational age (SGA), large for gestational age (LGA), and male sex. These are traditional risk
factors for neonatal mortality that are relevant to NICU admission as well. 7,23-28 Regional
availability of NICU was measured as available NICU beds per 1000 births. We divided the
number of NICU beds by the sum of births in the county in a given year. Then, we categorized yearspecific county-level NICU bed supply per 1000 births into quartiles, sorted them from lowest to
highest using pooled two years of data. A county assigned as quartile 2 in 2009 can be assigned as a
higher quartile if the number of NICU beds per 1000 births increased in 2018 or vice versa. The
information on the number of NICU beds at the county level was available from the area health
resources files (AHRF), previously known as the area resource files (ARF). The AHRF is
publicly available to download at the Health Resources and Services Administration (HRSA)
website (https://data.hrsa.gov/). The AHRF data used the hospital-level data from the American
Hospital Association (AHA) Annual Survey Database and aggregated to the county level. Maternal
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socioeconomic characteristics included maternal education attainment, health insurance status,
and receipt of WIC (the special supplemental nutrition program for women, infants, and
children) from the natality file.

Contributing factors were compared between 2009 and 2018 and their changes were examined in
two parts, changes in the distribution of contributing factors and changes in their associations
with NICU admission measured as the coefficient estimates from the regression analysis. The
relative and absolute contributions by each of contributing factors to changes in NICU admission
rates were quantified using the decomposition analysis explained in the following section.

Statistical Analysis
We used the Oaxaca Blinder (OB) decomposition that has been widely used in the study of labor
market discrimination.19,20 It was developed by Ronald Oaxaca and Alan Blinder to decompose
racial and sex wage differentials into a component attributable to differences in individual
characteristics (“endowments”) and a component attributable to differences in the estimated
effects of individual characteristics (“coefficients”). 19,20 In health care, several studies have used
this approach to quantify the contribution of different factors in explaining differences in disease
prevalence,29-31 health outcomes,32 and healthcare utilization across different sub-groups of the
population.33,34 Multivariable decomposition uses the output from regression models to partition
the components of a group difference in outcomes. When the outcome, Y is a function of a linear
combination of predictors and regression coefficients,

Y=F(Xβ)
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where Y is a dependent variable vector, X is a matrix of independent variables, and β is a vector
of coefficients. The mean difference in Y between groups A and B can be decomposed as 35

𝑌 −𝑌 =𝐹 𝑋 𝛽
=

𝐹 𝑋 𝛽

− 𝐹 𝑋 𝛽

+

− 𝐹 𝑋 𝛽
𝐹 𝑋 𝛽

− 𝐹 𝑋 𝛽

The endowment component (E) represents the part of the differential attributable to differences
in a set of predictors and reflects a counterfactual comparison of the difference if group A were
given group B’s distribution of predictors. The coefficients component (C) refers to the part of
the differential attributable to differences in coefficients of predictors weighted by group B’s
distribution of predictors.

The outcome interest, NICU admission is a binary variable and we conducted multivariable
logistic regressions using Stata command Oaxaca developed by Jann for nonlinear regression. 36
This command provides the detailed decomposition into contributions of individual drivers. 36
Using this method, we decomposed the growth of NICU admissions between 2009 (treated as
Group B) and 2018 (treated as Group A) into two components; one that is explained by
differences in the distribution of infant health risk, regional availability of NICU bed supply, and
maternal socioeconomic status, and another component that is explained by differences in the
effect of these determinants on the NICU admissions. The detailed decomposition further
decomposes E and C components into the unique contribution of each driver. This allows us to
quantify the contribution of each driver to the growth in NICU admissions, thus identify which
factors contribute most to the growth between the two time periods. 19,20
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The study protocol was reviewed and approved by the Committee for the Protection of Human
Subjects (CPHS) at the University of Texas Health Science Center at Houston and all statistical
analyses were performed using Stata, version 16.0 (StataCorp LLC., College Station, TX).

Results
Characteristics of Live Births in 2009 and 2018 by Race/Ethnicity
Neonatal characteristics indicating infant health risk slightly improved between 2009 and 2018,
but changes differed by race/ethnicity (Table 1). Percentages of multiple births and cesarean
delivery decreased among white infants but increased among black infants. Percentages of
premature birth before 37 weeks of gestation and low birth weight (<2500g) increased among
Hispanic infants while decreasing slightly among white infants. Very preterm birth (<32wk) and
very low birth weight (<1500g) rates remained twice as high among black infants compared to
white and Hispanic infants. NICU beds per 1000 births increased from 4.2 to 4.9 (Table 1). The
changes in maternal characteristics were similar across race/ethnicity.

NICU Admission Growths by Race/Ethnicity and Gestational Age between 2009 and 2018
From 2009 to 2018, NICU admission rates per 100 infants increased by 30% from 7.0 to 9.2
(Table 2). The increase was smallest among white infants (1.8 per 100 infants) and largest
among black infants (2.6 per 100 infants). The increase was observed across all gestational
categories. Admissions increased to about 90 per 100 infants among those infants born before 32
weeks of gestation. Hispanic infants in that category had considerably lower NICU admission
rates in 2009 compared to white and black infants, but by 2018, this difference disappeared.
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Relative changes from 2009 to 2018 were larger among infants in gestational age ≥32 weeks, in
particular in the 37-38 weeks category regardless of race/ethnicity. We conducted a sensitivity
analysis including infants excluded due to missing information other than NICU admission and
gestation age, which accounted for about 5% of the final study population, and found consistent
results.

Changes in Characteristics Contributing to NICU Admission between 2009 and 2018
Table 3 shows distributional changes in observed characteristics contributing to NICU admission
between 2009 and 2018 for each race/ethnic group. Overall infant health risk reduced among
white infants while it remained relatively unchanged among black infants and slightly increased
among Hispanic infants. Among white infants, percentages of premature births, multiple
gestations, cesarean delivery, and SGA decreased. Among black infants, percentages of earlyterm or late-term births decreased while percentages of infants with multiple gestations and
cesarean delivery increased. Among Hispanic infants, premature birth rates and multiple
gestations increased but the percentage of infants with cesarean delivery decreased. The
percentage of births occurred in higher quartile increased regardless of race/ethnicity. Maternal
insurance status and education improved more among Hispanic compared to white and black
infants.

Changes in Coefficient (Odds Ratio (OR)) Estimates between 2009 and 2018
Table 4 presents coefficient estimates reporting in odds ratios from multivariable logistic
regression models in 2009 and 2018. Among white infants, odds of being admitted to a NICU
according to gestational age in reference to full-term did not differ between 2009 and 2018
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except 37-38 weeks of gestational age. Odds of being admitted to a NICU admission for earlyterm birth (37-38wk) was 1.75 times that of full-term birth in 2009 and it increased to 1.90 in
2018. Among black and Hispanic infants, coefficient estimates substantially increased for less
than 32-week gestational age (OR 65.8 in 2009 vs OR 85.2 in 2018 among black infants and OR
59.9 in 2009 vs OR 86.3 in 2018 among Hispanic infants). The associations of other infant health
factors with NICU admission increased also for lower 5-min Apgar and LGA in all racial/ethnic
groups. Higher quartiles were associated with higher NICU admission compared to quartile 1
(OR>1 for NICU bed supply quartile 2 or higher). It is noticeable that there was little to no
incremental increase in ORs across quartile 2, 3, and 4 among white and black infants. These
odds ratios remained similar between 2009 and 2018 among white and black infants but
increased among Hispanic infants. Being insured was not significantly associated with NICU
admission in 2009 but was associated with higher NICU admission in 2018 among white infants.
Among black infants, being insured was associated with lower NICU admission in 2009 but this
association became insignificant in 2018. Among Hispanic infants, being insured was associated
with higher NICU admission and the association increased in 2018 (OR 1.09 in 2009 and OR
1.17 in 2018). Higher maternal education was associated with lower NICU admission rates in
2009 among white infants and this inverse association became larger in 2018. Among black
infants, maternal education levels were not significantly associated with NICU admission in
2009 but it became inversely associated in 2018. Among Hispanic infants, high school graduate
or higher education was associated with higher NICU admission in 2009 but the association
became insignificant in 2018. Receiving WIC was associated with higher NICU admission
among white infants in both 2009 and 2018 but it was only significantly associated with high
NICU admission in 2018 among black and Hispanic infants.
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Decomposition of NICU Growth between 2009 and 2018
The growth was decomposed into the component attributable to the changes in the distribution of
characteristics and the component attributable to the changes in the association of characteristics
with NICU admission. Therefore, each factor has two components.

Table 5 shows the detailed decomposition analysis at the level of individual factors. The first part
of the detailed decomposition showed the changes in NICU admission rates associated with the
differences in characteristics. Among white infants, the contributions due to changes in infant
health characteristics were mostly negative indicating improvement of infant health status would
have reduced the NICU admission rate in 2018 if other conditions had remained the same.
Among black infants, the contribution of infant health risk to the growth NICU admission rates
was negative but small indicating little improvement in health status. Among Hispanic infants,
the contribution of infant health risk was also small but positive indicating slightly worsening
health status. The contribution of changes in NICU bed supply was a primary driver among
white and Hispanic infants but not among black infants. The second part of the detailed
decomposition shows the changes in NICU admission rates attributable to changes in the
associations of contributing factors with NICU admission reported in odds ratios from logistic
regressions. The contribution by changes in the association of infant health risk factors with
NICU admission was largest among black infants while the contribution by changes in the
association of NICU bed supply with NICU supply was largest among Hispanic infants. The
contributions by changes in the association of maternal socioeconomic characteristics were a
primary driver among all racial/ethnic groups.
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Figure 2 shows decomposition analysis by two components at the aggregated subset of factors to
infant health risk, NICU bed supply, and maternal socioeconomic characteristics across
race/ethnicity. Among white infants, NICU bed supply and maternal socioeconomic
characteristics were responsible for 0.60 (33.5%), and 0.96 (53.6%) respectively out of 1.78
NICU admission rate increase per 100 infants. Among them, infant health risk contributed
negatively by 0.14 (-8.0%) meaning that NICU admission rate would have reduced by 0.14 per
100 infants if there were no other changes in NICU supply and maternal education between
2009 and 2018. The remaining portion (0.37, 20.9%) of the increase was absorbed as a constant
term and indicate the contribution of unobservable factors. Among black infants, infant health
risk and maternal socioeconomic characteristics were responsible for 0.87 (33.2%) and 1.00
(38.3%) out of 2.61, respectively. Among Hispanic infants, infant health risk, NICU bed supply,
and maternal socioeconomic characteristics respectively contributed by 0.47 (19.0%), 0.67
(27.2%), and 0.86 (35.1%) out of 2.46.

Discussion
In this study, we examined the factors associated with the growth of NICU admissions and
assessed their contributions by race/ethnicity. We found different patterns across the race/ethnic
groups that could imply potential racial/ethnic disparities.
Infant health status improved substantially among white infants but little among black infants
and slightly worsened among Hispanic infants. As a result, the change in infant health status
mitigated the growth of NICU admission rates among white infants while it minimally affected
NICU admission rates among black and Hispanic infants. On the other hand, changes in the
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associations of health risk factors with NICU admission contributed to the growth of NICU
admission most among black infants and least among white infants.

The contribution of NICU bed supply to NICU admission growth was largest among Hispanic
infants and smallest among black infants. We found that as NICU bed supply increased from 2nd
to 3rd quartile or 3rd to 4th quartile, there were no significant changes in the association between
NICU bed supply and NICU admission among white and black infants. Previous studies found
that regional variation exists in NICU care not explained by infant health condition 15,37-40 and
that greater bed supply is associated with high NICU admissions, particularly among low-risk
newborns.15,16,37 A recent study found geographic segregation and inequality in NICU care by
race and ethnicity.41 Our study suggests that greater bed supply may be associated with high
NICU admissions only up to a certain extent and this association may differ by racial/ethnic
community.

The contribution attributable to changes in maternal socioeconomic characteristics was minimal
among all race/ethnic groups. Most of the contribution was from the changes in the association
of maternal socioeconomic characteristics with NICU admission, especially among white infants.
This may imply that the growth of NICU admission rates could be less justified and may be
driven in part by potential overutilization.

Our study had limitations. First, our NICU admission rates could underestimate actual rates
compared to measures based on hospital discharge data capturing admissions during the entire
length of newborn hospitalization. Second, there could be an improvement in the data quality in
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the later year of data as the states gained more experience. Third, our study population was
limited to 28 U.S. states which represented about 63% of total U.S. births in 2009 and 2018.
However, our study has strengths. First, this is one of a few studies investigating NICU
admission rates across the entire range of newborn risk groups. Second, even though our study
cohort was limited to 28 U.S. states, our previous study confirmed that characteristics of births
were representative for the entire U.S. birth cohort. Third, as far as we know, our study is the
first study that decomposed and quantified the effect of potential drivers to NICU growth by
race/ethnicity.

Our findings provide several policy and clinical implications. We found that improved infant
health mitigated the growth of NICU admission rates among white infants. Given the persistently
higher premature births and VLBW rates among black infants and the evidence of worsening
health among Hispanic infants, promoting maternal and perinatal health and reducing
racial/ethnic disparities in birth outcomes could substantially lower NICU admissions. We found
that the increased association of infant health risk factors with NICU admission contributed to
the growth of NICU admission rates among all infants but especially among black infants. This
could indicate improved risk-appropriate care among higher risk infants. Alternatively, a lower
risk threshold for initiating NICU care could indicate unnecessary NICU admissions.
We also found that among white infants and black infants, distributional changes across higher
quartiles of NICU bed supply did not contribute to the NICU admission growth. This could mean
that the incremental effect of NICU bed supply diminished beyond a certain level. Further
research requires to understand that the patterns of distributional changes in NICU bed supply
and its effect on the NICU admission growth by race/ethnicity.
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Conclusion
Between 2009 and 2018, the NICU admission rate per 100 infants increased by 30%. The
contributions of the drivers substantially differed by race/ethnicity. Improvement in infant health
mitigated the growth of NICU admission among white infants while maternal socioeconomic
characteristics contributed most among all race/ethnic groups. Our findings can be used to
develop policies to ensure risk-appropriate care and reduce unnecessary care by race/ethnicity.
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Tables and Figures
Figure 1. Cohort Derivation

Total live births in the United States, 2009 and 2018
(n=7,939,370)

Births in 22 U.S. states and the District of Columbia where
the 2003 revision of the U.S. birth certificate had not been
fully implemented by 2009 excluded (n=2,670,914)

Births to non-U.S. resident mothers excluded (n=13,804)

Births excluded due to inviability or missing information
(n=264,457)*
-Birth weight <500 gram (n=7,356)
-Unknown birth weight (n=4,904)
-Gestational age <23 completed weeks (n=7,713)
-Gestational age >44 completed weeks (n= 390)
-Unknown gestational age (n=4,932 )
-Births with unknown Apgar 5-min score (n= 30,767)
-Births with unknown NICU admission (n= 23,010)
-Births with unknown payment information (n= 67,812)
-Births with unknown maternal education (n= 77,529)
-Births with unknown WIC information (n= 96,454)
*Births could have been excluded for meeting more
than one exclusion criteria.
Final study population (n= 4,990,195)
White (n=2,584,683)
Black (n=657,016)
Hispanic (n=1,370,227)
Other (n=378,269)
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Table 1. Characteristics of Live Births: 28 U.S. Statesa, 2009 and 2018
Year
No. of Infants
Neonatal Characteristics, %
Male
Multiple gestations
Cesarean delivery
Gestational age, wk
<32
32-36
37-38
39-40
≥41
Birthweight category, g
<1500
1500-2499
2500-3999
≥4000
5-Minute Apgar score
<7
7-8
9-10
NICU Supply
NICU Beds per 1000 births
Maternal Characteristics, %
Age category, y
<20
20-24
25-29
30-34
35-39
40-54
Health Insurance
Medicaid
Private Insurance
Self-Pay
Other
WIC received
Unmarriedb
Educational attainment
Less than high school
High school
Some college
Associate or Bachelor's degree
Master's or higher degree
Urban-Rural classificationc
Large central metro
Large fringe metro

2009

Total
2018

2009

White
2018

2009

Black
2018

Hispanic
2009
2018

2,562,926 2,427,269 1,335,744 1,248,939 326,393 330,623 722,139 648,088
51.1
3.3
33.1

51.1
3.2
32.1

51.2
3.8
32.6

51.2
3.5
30.7

50.8
3.8
35.9

50.7
4.1
36.3

51.0
2.3
32.7

50.9
2.5
32.4

1.4
8.3
28.7
54.9
6.7

1.3
8.3
26.6
57.6
6.2

1.2
8.1
27.4
56.3
7.1

1.1
7.8
24.7
59.4
7.2

2.7
10.8
30.2
50.4
5.9

2.6
10.8
29.6
52.1
5.0

1.2
7.8
30.3
54.3
6.5

1.3
8.3
28.3
56.9
5.3

1.2
6.6
84.7
7.6

1.2
6.8
84.4
7.7

1.0
6.0
84.0
9.0

0.9
5.9
83.9
9.4

2.5
10.4
82.9
4.1

2.4
10.8
82.4
4.4

1.0
5.8
86.2
7.0

1.1
6.2
85.8
6.9

1.7
12.6
85.7

1.8
11.8
86.4

1.8
14.0
84.2

1.8
12.9
85.3

2.9
15.1
82.0

2.7
13.2
84.1

1.2
9.6
89.2

1.3
9.6
89.1

4.2

4.9

NA

NA

NA

NA

NA

NA

10.1
24.5
28.3
22.9
11.4
2.7

4.8
19.3
29.2
28.6
14.9
3.4

7.3
22.7
30.0
25.1
12.0
2.9

3.4
17.1
29.8
31.4
15.2
3.0

16.1
31.5
25.4
16.4
8.4
2.2

7.0
25.0
30.2
22.4
12.2
3.2

14.1
27.6
26.9
19.4
9.8
2.3

7.4
23.7
28.9
23.5
13.1
3.5

44.3
46.1
4.6
5.0
48.5
40.9

42.9
48.5
4.3
4.3
37.4
39.7

32.4
60.3
3.0
4.3
33.5
29.4

30.9
61.8
3.4
3.9
24.6
29.5

64.1
27.5
3.5
4.9
67.5
72.4

64.5
28.3
3.1
4.1
54.6
68.8

60.3
24.8
8.6
6.3
71.6
52.4

59.2
29.5
6.1
5.3
57.1
51.2

21.1
26.4
20.1
23.9
8.6

13.0
26.2
20.2
28.9
11.7

10.7
23.9
21.9
31.9
11.7

7.4
21.9
19.8
35.9
15.1

22.6
33.9
25.3
14.4
3.9

13.4
35.5
25.5
19.7
6.0

41.8
29.6
15.8
10.5
2.4

25.2
33.1
20.4
17.2
4.1

40.7
17.2

40.4
18.0

29.2
19.0

30.3
18.9

51.5
18.4

49.4
20.0

52.1
13.8

49.0
15.6
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Medium metro
23.1
23.2
25.5
25.4
19.2
19.3
23.0
24.0
Small metro
9.2
9.6
12.3
12.5
6.6
7.4
5.6
6.4
Micropolitan/Noncore
9.9
8.9
14.1
13.0
4.4
3.8
5.5
4.9
Abbreviations: NICU, neonatal intensive care unit; NA, not applicable; WIC, the special supplemental nutrition
program for women, infants, and children.
a

By 2009, the 2003 revision of U.S. Birth Certificates had been implemented in 28 U.S. states including CA, CO, DE,
FL, GA, IA, ID, IN, KS, KY, MI, MT, ND, NE, NH, NM, NY, OH, OR, PA, SC, SD, TN, TX, UT, VT, WA, and WY.
b
c

Births occurring in or to residents of California in 2018 were excluded due to state statutory restrictions.

The National Center for Health Statistics’ (NCHS) Urban–Rural Classification Scheme for Counties was used.

Table 2.NICU Admission Growth by Race/Ethnicity and Gestational Age Group: 28 U.S.
Statesa, 2009 and 2018
NICU Admissions per 100 infants (95% CI)
2009
Total

2018

Absolute Diff. b

Relative Ratiob

7.0 (7.0-7.1)

9.2 (9.1-9.2)

2.1 (2.1-2.2)

1.30 (1.29-1.31)

82.3 (81.9-82.7)

89.6 (89.3-89.9)

7.3 (6.8-7.9)

1.09 (1.08-1.10)

32-36

36.0 (35.8-36.2)

45.1 (44.9-45.3)

9.1 (8.8-9.4)

1.25 (1.24-1.26)

37-38

4.3 (4.3-4.4)

6.7 (6.7-6.8)

2.4 (2.3-2.5)

1.55 (1.53-1.57)

39-40

2.6 (2.6-2.7)

3.8 (3.7-3.8)

1.1 (1.1-1.2)

1.43 (1.41-1.44)

≥41

3.5 (3.4-3.6)

5.0 (4.8-5.1)

1.4 (1.3-1.6)

1.41 (1.37-1.46)

6.9 (6.9-6.9)

8.7 (8.6-8.7)

1.8 (1.7-1.8)

1.26 (1.25-1.27)

85.2 (84.7-85.8)

90.1 (89.6-90.6)

4.8 (4.1-5.6)

1.06 (1.05-1.07)

32-36

38.2 (37.9-38.5)

46.5 (46.1-46.8)

8.3 (7.8-8.7)

1.22 (1.20-1.23)

37-38

4.5 (4.4-4.6)

7.2 (7.1-7.3)

2.6 (2.5-2.8)

1.59 (1.56-1.62)

39-40

2.4 (2.4-2.5)

3.5 (3.4-3.5)

1.0 (1.0-1.1)

1.43 (1.40-1.46)

≥41

3.0 (2.9-3.1)

4.3 (4.1-4.4)

1.3 (1.1-1.5)

1.43 (1.36-1.50)

GA <32

White
GA, wk <32

Black

9.7 (9.6-9.8)

12.3 (12.2-12.5)

2.6 (2.5-2.8)

1.27 (1.25-1.29)

83.0 (82.3-83.8)

90.4 (89.8-91.0)

7.4 (6.4-8.4)

1.09 (1.08-1.10)

32-36

36.1 (35.6-36.6)

46.5 (46.0-47.1)

10.4 (9.7-11.2)

1.29 (1.27-1.31)

37-38

5.1 (5.0-5.3)

7.6 (7.4-7.7)

2.5 (2.2-2.7)

1.48 (1.43-1.53)

39-40

3.5 (3.4-3.6)

4.7 (4.6-4.8)

1.2 (1.1-1.3)

1.34 (1.30-1.39)

≥41

4.9 (4.5-5.2)

6.3 (5.9-6.7)

1.4 (1.0-1.9)

1.30 (1.18-1.41)

6.2 (6.2-6.3)

8.7 (8.6-8.8)

2.5 (2.4-2.5)

1.39 (1.38-1.41)

77.1 (76.2-78.0)

88.4 (87.7-89.1)

11.2 (10.1-12.4)

1.15 (1.13-1.16)

32-36

32.2 (31.8-32.6)

42.2 (41.8-42.7)

10.0 (9.4-10.6)

1.31 (1.29-1.33)

37-38

3.8 (3.7-3.9)

5.8 (5.7-5.9)

2.0 (1.9-2.2)

1.53 (1.49-1.57)

39-40

2.6 (2.5-2.6)

3.8 (3.7-3.8)

1.2 (1.1-1.2)

1.45 (1.41-1.49)

≥41
3.8 (3.6-3.9)
5.7 (5.4-5.9)
1.9 (1.6-2.2)
Abbreviations: NICU, neonatal intensive care unit; CI, confidence interval; GA, gestational age.

1.50 (1.40-1.59)

GA, wk <32

Hispanic
GA, wk <32

aBy

2009, the 2003 revision of U.S. Birth Certificates had been implemented in 28 U.S. states including CA, CO, DE, FL, GA, IA, ID,
IN, KS, KY, MI, MT, ND, NE, NH, NM, NY, OH, OR, PA, SC, SD, TN, TX, UT, VT, WA, and WY.
bAll

estimates were significant at p<0.05.
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Table 3. Changes in Characteristics Contributing to NICU Admission between 2009 and 2018 by
Race/Ethnicity
Year
Infant Health Risk, %
Gestational Age
<32wk
32-36wk
37-38wk
39-40wk
≥41wk
5-min Apgar
<7
7-8
9-10
Plurality
Cesarean delivery
SGA
LGA
Male
NICU bed supply, %
Quartile 1 (low)
Quartile 2
Quartile 3
Quartile 4 (high)
Maternal SES, %
Insured
Education
Less than high school
High school
Some college
Associate or Bachelor
Master's or higher
WIC received

2009

White
2018 p- value

2009

Black
2018 p- value

2009

Hispanic
2018 p- value

1.2
8.1
27.4
56.3
7.0

1.1
7.7
24.6
59.4
7.2

<0.001

2.7
10.8
30.2
50.4
5.9

2.5
10.8
29.6
52.1
5.0

<0.001

1.2
7.8
30.3
54.3
6.4

1.3
8.3
28.3
56.9
5.3

<0.001

1.8
14.0
84.2
3.8
32.6
10.0
2.9
51.2

1.8
12.9
85.3
3.5
30.7
9.7
2.9
51.2

<0.001

2.9
15.1
82.0
3.8
35.9
9.7
2.9
50.8

2.7
13.2
84.1
4.1
36.3
9.6
3.0
50.7

<0.001

1.2
9.6
89.2
2.3
32.7
9.9
3.0
51.0

1.3
9.6
89.1
2.5
32.4
9.7
2.9
50.9

<0.001

35.0
23.5
18.4
23.1

28.6
21.1
19.4
30.9

<0.001

19.1
30.3
28.7
21.9

16.6
18.9
32.9
31.6

<0.001

19.3
31.6
30.8
18.3

15.1
23.3
36.1
25.5

<0.001

97.0

96.6

<0.001

96.5

96.9

<0.001

91.4

93.9

<0.001

10.7
23.9
21.9
31.9
11.7
33.5

7.4
21.9
19.8
35.9
15.1
24.5

<0.001

22.5
33.9
25.3
14.4
3.9
67.5

13.3
35.5
25.5
19.7
6.0
54.6

<0.001

41.8
29.6
15.8
10.5
2.4
71.6

25.2
33.1
20.4
17.2
4.1
57.1

<0.001

<0.001
<0.001
<0.001
0.034
0.719

<0.001

<0.001
0.001
0.099
<0.001
0.245

<0.001

Abbreviations: NICU, neonatal intensive care unit; SGA, small for gestational age; LGA, large for gestational age; SES,
socioeconomic status; WIC, the special supplemental nutrition program for women, infants, and children.
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<0.001
0.003
0.002
0.018
0.14

<0.001

Table 4. Changes in Coefficient (Odds Ratio (OR)) Estimates between 2009 and 2018 by Race/Ethnicity
White
Year
Infant Health Risk
Gestational Age
<32wk
32-36wk
37-38wk
39-40wk
≥41wk
5-min Apgar
<7
7-8
9-10
Plurality
Cesarean delivery
SGA
LGA
Male
NICU bed supply
Quartile 1 (low)
Quartile 2
Quartile 3
Quartile 4 (high)
Maternal SES
Insured
Education
Less than high school
High school
Some college
Associate or Bachelor
Master's or higher
WIC received

2009
OR (95% CI)

Black
2018
OR (95% CI)

98.17 (93.40-103.19) 102.66 (96.48-109.22)
18.37 (17.99-18.77) 17.92 (17.57-18.29)
1.75 (1.71-1.79)
1.90 (1.86-1.93)
Reference
Reference
1.22 (1.17-1.28)
1.20 (1.15-1.24)

2009
OR (95% CI)

2018
OR (95% CI)

65.82 (61.63-70.29) 85.18 (78.62-92.30)
12.77 (12.31-13.25) 14.44 (13.96-14.94)
1.42 (1.36-1.47)
1.55 (1.50-1.60)
Reference
Reference
1.32 (1.23-1.42)
1.25 (1.17-1.34)

Hispanic
2009
2018
OR (95% CI)
OR (95% CI)
59.94 (56.57-63.52) 86.34 (80.20-92.95)
14.20 (13.80-14.61) 15.51 (15.11-15.93)
1.39 (1.35-1.43)
1.49 (1.45-1.53)
Reference
Reference
1.44 (1.37-1.52)
1.47 (1.40-1.55)

9.30 (8.97-9.65)
2.88 (2.83-2.93)
Reference
1.42 (1.39-1.46)
1.89 (1.86-1.92)
1.78 (1.74-1.82)
1.09 (1.04-1.14)
1.24 (1.22-1.26)

15.90 (15.36-16.46)
3.99 (3.92-4.06)
Reference
1.32 (1.28-1.36)
1.85 (1.82-1.87)
1.77 (1.73-1.81)
1.44 (1.38-1.50)
1.24 (1.22-1.26)

7.11 (6.71-7.55)
2.56 (2.48-2.64)
Reference
1.44 (1.37-1.51)
2.02 (1.97-2.08)
2.09 (2.00-2.18)
1.31 (1.21-1.41)
1.08 (1.05-1.11)

13.68 (12.89-14.51)
3.62 (3.51-3.73)
Reference
1.35 (1.28-1.41)
1.99 (1.94-2.05)
2.07 (2.00-2.16)
1.76 (1.65-1.87)
1.11 (1.08-1.14)

7.49 (7.05-7.96)
2.97 (2.88-3.05)
Reference
1.59 (1.52-1.66)
1.85 (1.81-1.89)
2.00 (1.93-2.06)
1.28 (1.20-1.35)
1.13 (1.10-1.15)

15.98 (15.10-16.92)
4.04 (3.93-4.14)
Reference
1.39 (1.33-1.45)
1.82 (1.79-1.86)
1.88 (1.83-1.94)
1.73 (1.64-1.82)
1.13 (1.11-1.16)

Reference
2.00 (1.95-2.05)
2.03 (1.98-2.09)
2.21 (2.16-2.26)

Reference
2.15 (2.10-2.20)
2.03 (1.98-2.08)
2.25 (2.20-2.30)

Reference
1.60 (1.53-1.68)
1.56 (1.49-1.64)
1.61 (1.53-1.69)

Reference
1.62 (1.55-1.70)
1.52 (1.46-1.59)
1.50 (1.44-1.57)

Reference
1.35 (1.30-1.40)
1.40 (1.35-1.45)
1.72 (1.65-1.78)

Reference
1.48 (1.42-1.53)
1.57 (1.52-1.63)
1.73 (1.66-1.79)

0.99 (0.94-1.05)

1.21 (1.16-1.28)

0.85 (0.79-0.91)

0.94 (0.87-1.01)

1.09 (1.05-1.13)

1.17 (1.12-1.23)

Reference
0.95 (0.92-0.98)
0.98 (0.95-1.01)
0.90 (0.88-0.93)
0.90 (0.87-0.93)
1.05 (1.03-1.07)

Reference
0.94 (0.91-0.97)
0.91 (0.88-0.94)
0.82 (0.79-0.84)
0.82 (0.79-0.85)
1.05 (1.03-1.07)

Reference
0.97 (0.93-1.01)
0.96 (0.92-1.00)
1.00 (0.95-1.05)
0.92 (0.85-1.00)
1.01 (0.97-1.04)

Reference
0.91 (0.87-0.95)
0.88 (0.84-0.92)
0.85 (0.81-0.89)
0.79 (0.74-0.85)
1.05 (1.02-1.08)

Reference
1.04 (1.01-1.07)
1.12 (1.08-1.16)
1.09 (1.05-1.13)
1.07 (1.00-1.16)
1.00 (0.97-1.02)

Reference
0.97 (0.95-1.00)
0.99 (0.96-1.02)
0.97 (0.93-1.00)
0.97 (0.92-1.03)
1.06 (1.04-1.09)
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Abbreviations: NICU, neonatal intensive care unit; OR, odds ratio; CI, confidence interval; SGA, small for gestational age; LGA, large for gestational age; SES, socioeconomic
status; WIC, the special supplemental nutrition program for women, infants, and children.

Table 5. Decomposition of NICU Admissions Growths between 2009 and 2018 by Race/Ethnicity
White
Est. (95% CI)
NICU admission per 100
Year 2018
Year 2009
Total difference
Detailed Decomposition
Diff. due to diff. in characteristics
Infant Health Risk
Gestational age
5-min Apgar
Plurality
Cesarean delivery
SGA
LGA
Male
NICU bed supply
Maternal SES
Insured
Education
WIC received
Diff. due to diff. in coefficients
Infant Health Risk
Gestational age
5-min Apgar
Plurality
Cesarean delivery
SGA

Black
Est. (95% CI)

Share, %

Share, %

Hispanic
Est. (95% CI)

Share, %

100.00

8.696 (8.636-8.756)
6.239 (6.189-6.288)
2.457 (2.380-2.535)

100.00

8.687 (8.644-8.729)
6.903 (6.867-6.940)
1.783 (1.727-1.839)

100.00

12.341 (12.246-12.436)
9.732 (9.645-9.819)
2.609 (2.480-2.738)

-0.512 (-0.574--0.450)

-28.70

-0.097 (-0.147--0.047)

-3.73

0.042 (0.010-0.074)

1.70

-0.281 (-0.315--0.246)
-0.098 (-0.113--0.084)
-0.010 (-0.012--0.008)
-0.111 (-0.128--0.094)
-0.012 (-0.016--0.008)
0.000 (0.000-0.001)
0.000 (-0.002-0.003)
0.480 (0.395-0.566)
-0.095 (-0.112--0.078)
0.000 (-0.002-0.003)
-0.057 (-0.072--0.041)
-0.038 (-0.054--0.022)

-15.73
-5.52
-0.58
-6.23
-0.68
0.02
0.03
26.94
-5.30
0.02
-3.18
-2.15

-0.035 (-0.059--0.010)
-0.073 (-0.101--0.044)
0.003 (0.001-0.004)
0.009 (0.004-0.015)
-0.003 (-0.007-0.001)
0.001 (0.000-0.002)
0.000 (-0.001-0.000)
0.038 (0.025-0.052)
-0.012 (-0.031-0.007)
-0.002 (-0.003--0.001)
-0.007 (-0.021-0.007)
-0.003 (-0.017-0.011)

-1.33
-2.78
0.11
0.35
-0.11
0.05
-0.01
1.47
-0.45
-0.08
-0.28
-0.10

0.041 (0.017-0.065)
0.019 (0.008-0.030)
0.007 (0.005-0.009)
-0.013 (-0.022--0.004)
-0.010 (-0.016--0.003)
-0.001 (-0.003-0.000)
-0.001 (-0.003-0.000)
0.279 (0.254-0.304)
0.145 (0.109-0.181)
0.018 (0.010-0.027)
0.120 (0.084-0.156)
0.006 (-0.027-0.040)

1.68
0.77
0.28
-0.53
-0.39
-0.06
-0.05
11.35
5.90
0.75
4.89
0.26

0.369 (0.263-0.475)
0.093 (0.033-0.154)
0.295 (0.270-0.320)
-0.015 (-0.023--0.007)
-0.039 (-0.079-0.000)
-0.001 (-0.020-0.017)

20.71
5.24
16.52
-0.84
-2.20
-0.08

0.965 (0.672-1.257)
0.349 (0.170-0.527)
0.505 (0.438-0.571)
-0.021 (-0.043-0.002)
-0.042 (-0.156-0.072)
-0.005 (-0.048-0.039)

36.97
13.37
19.34
-0.80
-1.62
-0.18

0.426 (0.269-0.582)
0.201 (0.106-0.296)
0.241 (0.212-0.270)
-0.020 (-0.030--0.011)
-0.029 (-0.091-0.032)
-0.034 (-0.060--0.009)

17.33
8.17
9.80
-0.83
-1.19
-1.40

90

LGA
0.046 (0.036-0.056)
2.59
0.071 (0.047-0.095)
2.72
0.053 (0.039-0.067)
2.17
Male
-0.009 (-0.074-0.056)
-0.51
0.108 (-0.048-0.265)
4.15
0.015 (-0.080-0.109)
0.60
NICU bed supply
0.116 (0.003-0.229)
6.52
-0.219 (-0.591-0.154)
-8.38
0.388 (0.151-0.626)
15.81
Maternal SES
1.051 (0.658-1.444)
58.94
1.012 (0.201-1.823)
38.77
0.716 (0.345-1.088)
29.15
Insured
1.111 (0.716-1.507)
62.32
0.766 (-0.032-1.565)
29.37
0.423 (0.072-0.774)
17.21
Education
-0.067 (-0.101--0.033)
-3.76
0.060 (-0.057-0.176)
2.28
0.060 (-0.030-0.151)
2.46
WIC received
0.007 (-0.032-0.045)
0.37
0.186 (0.002-0.369)
7.12
0.233 (0.112-0.354)
9.49
Constanta
0.372 (-0.061-0.806)
20.89
0.922 (-0.051-1.895)
35.35
0.461 (-0.030-0.952)
18.76
Abbreviations: NICU, neonatal intensive care unit; CI, confidence interval; SGA, small for gestational age; LGA, large for gestational age; SES, socioeconomic status; WIC, the
special supplemental nutrition program for women, infants, and children.
aConstant

term contains contributions of unobservable factors.
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Figure 2. Contributions to NICU Admission Growths between 2009 and 2018 by Race/Ethnicity
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Abbreviations: NICU, neonatal intensive care unit; Distr., distribution; Coeff., coefficient; SES, socioeconomic status. Note: Infant health risk include gestation age, 5-min Apgar
score, plurality, cesarean delivery, small for gestational age, large for gestational age and male sex. Maternal SES includes maternal insurance status, education level and WIC
receipt. P values are <0.05 except constants.
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CONCLUSION
Overall NICU admission rates increased by 37% from 2008 to 2018, and the increasing
trends were observed among all racial and ethnic groups. There was little difference in overall
risk-adjusted NICU admission rates by race/ethnicity. However, birth weight-stratified analyses
revealed that racial/ethnic differences diminished in the VLBW and MLBW groups while riskadjusted NICU admission rates remained higher among black and Hispanic infants in the NHBW
group. Increasing NICU admission rates in the NHBW group contributed the most to overall
NICU admission rate growth and further study is needed to identify the reasons for this trend and
prevent possible overuse of NICU care among this low-risk group.

The contributions of the drivers to the growth of NICU admission rates substantially
differed by race/ethnicity. Among white infants, the contribution due to changes in infant health
characteristics was negative indicating improvement of infant health status would have reduced
the NICU admission rate in 2018 if other conditions had remained the same. The contribution of
changes in the NICU bed supply was one of the primary drivers among white and Hispanic
infants but not among black infants. The contributions by changes in the effect of maternal
socioeconomic characteristics were a primary driver among all racial/ethnic groups.

This study has some limitations. First, even though the birth certificate form defines
NICU admissions, differences in coding may have occurred across states and hospitals. A 2012
policy statement by the AAP defines a NICU as a level III and IV facilities, where ongoing
assisted ventilation for 24 hours or more is available, 8 but there is a wide variation among states
99

in the definition and criteria of a NICU and the accuracy of coding may improve over the years. 99
However, increasing NICU admission trends were observed also in hospital discharge data 19 and
validation studies on the accuracy of birth certificate data report a good agreement on NICU
admission between birth certificates compared to hospital medical records. 56 Second, our study
may have underestimated NICU admission rates since birth certificates are required to be filed
within 5 days of the date of birth.57,100 Third, since the study excluded births recorded not using
the 2003 revision of U.S. Standard Certificate of Live Birth, the largest exclusion occurred in
earlier years in particular states where the statewide implementation had not been completed
during part of the study period. However, we found the population characteristics between two
birth cohorts, one recorded with the 1989 version and another with the 2003 version were
similar. Additionally, sensitivity analysis limiting to births occurred in states where the 2003
revision had been used throughout the entire study period found consistent trends.

100

REFERENCES
1. Philip AG. The evolution of neonatology. Pediatr Res. 2005;58(4):799-815.
doi:10.1203/01.PDR.0000151693.46655.66.
2. Lussky RC. A century of neonatal medicine. Minn Med. 1999;82(12):48-54.
3. Pearson HA, Anunziato D, Baker JP, et al. Committee report: American Pediatrics: milestones
at the millennium. Pediatrics. 2001;107(6):1482-1491. doi:10.1542/peds.107.6.1482.
4. Cutler DM. , and Meara E. 1999. The technology of birth: Is it worth it? NBER working paper
7390. Cambridge, MA: National Bureau of Economic Research.
5. Kochanek KD, Murphy SL, Xu J, Arias E. Deaths: Final Data for 2017. Natl Vital Stat Rep.
2019;68(9):1-77.
6. Ely DM, Driscoll AK. Infant Mortality in the United States, 2018: Data From the Period
Linked Birth/Infant Death File. Natl Vital Stat Rep. 2020;69(7).
7. Ryan GM Jr. Toward improving the outcome of pregnancy Recommendations for the regional
development of perinatal health services. Obstet Gynecol. 1975;46(4):375-384.
8. American Academy of Pediatrics Committee on Fetus And Newborn. Levels of neonatal care.
Pediatrics. 2012;130(3):587-597. doi:10.1542/peds.2012-1999.
9. McCormick MC, Shapiro S, Starfield BH. The regionalization of perinatal services. Summary
of the evaluation of a national demonstration program. JAMA. 1985;253(6):799-804.

101

10. Lasswell SM, Barfield WD, Rochat RW, Blackmon L. Perinatal regionalization for very lowbirth-weight and very preterm infants: a meta-analysis. JAMA. 2010;304(9):992-1000.
doi:10.1001/jama.2010.1226.
11. Gagnon D, Allison-Cooke S, Schwartz RM. Perinatal care: the threat of deregionalization.
Pediatr Ann. 1988;17(7):447-452. doi:10.3928/0090-4481-19880701-06.
12. Resnick MB, Ariet M, Carter RL, et al. Prospective pricing system for tertiary neonatal
intensive care. Pediatrics. 1986;78(5):820-828.
13. Richardson DK, Reed K, Cutler JC, et al. Perinatal regionalization versus hospital
competition: the Hartford example. Pediatrics. 1995;96(3 Pt 1):417-423.
14. McCormick MC, Richardson DK. Access to neonatal intensive care. Future Child.
1995;5(1):162-175.
15. Thompson LA, Goodman DC, Little GA. Is more neonatal intensive care always better?
Insights from a cross-national comparison of reproductive care. Pediatrics.
2002;109(6):1036-1043. doi:10.1542/peds.109.6.1036.
16. Gould JB, Marks AR, Chavez G. Expansion of community-based perinatal care in California.
J Perinatol. 2002;22(8):630-640. doi:10.1038/sj.jp.7210824.
17. Goodman DC, Fisher ES, Little GA, Stukel TA, Chang CH. Are neonatal intensive care
resources located according to need? Regional variation in neonatologists, beds, and low
birth weight newborns. Pediatrics. 2001;108(2):426-431. doi:10.1542/peds.108.2.426.
102

18. Goodman DC, Fisher ES, Little GA, Stukel TA, Chang CH, Schoendorf KS. The relation
between the availability of neonatal intensive care and neonatal mortality. N Engl J Med.
2002;346(20):1538-1544. doi:10.1056/NEJMoa011921.
19. Freedman S. Capacity and utilization in health care: the effect of empty beds on neonatal
intensive care admission. American Economic Journal: Economic Policy. 2016
May;8(2):154-85.
20. Schulman J, Braun D, Lee HC, et al. Association Between Neonatal Intensive Care Unit
Admission Rates and Illness Acuity. JAMA Pediatr. 2018;172(1):17-23.
doi:10.1001/jamapediatrics.2017.3913.
21. Harrison WN, Wasserman JR, Goodman DC. Regional Variation in Neonatal Intensive Care
Admissions and the Relationship to Bed Supply. J Pediatr. 2018;192:73-79.e4.
doi:10.1016/j.jpeds.2017.08.028.
22. Harrison W, Goodman D. Epidemiologic Trends in Neonatal Intensive Care, 2007-2012
[published correction appears in JAMA Pediatr. 2015 Sep;169(9):878]. JAMA Pediatr.
2015;169(9):855-862. doi:10.1001/jamapediatrics.2015.1305.
23. Ziegler KA, Paul DA, Hoffman M, Locke R. Variation in NICU Admission Rates Without
Identifiable Cause. Hosp Pediatr. 2016;6(5):255-260. doi:10.1542/hpeds.2015-0058.
24. Wennberg JE. Tracking medicine: a researcher's quest to understand health care. Oxford
University Press; 2010.

103

25. Office of Disease Prevention and Health Promotion.Maternal, Infant, and Child Health Data
Details. https://www.healthypeople.gov/node/3492/data-details. Office of Disease
Prevention and Health Promotion.
26. Behrman RE, Butler AS, Institute of Medicine (US) Committee on Understanding Premature
Birth and Assuring Healthy Outcomes, eds. Preterm Birth: Causes, Consequences, and
Prevention. Washington (DC): National Academies Press (US); 2007. Institute of
Medicine.
27. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births: Final Data for 2018. Natl
Vital Stat Rep. 2019;68(13):1-47.
28. Altman M, Vanpée M, Cnattingius S, Norman M. Moderately preterm infants and
determinants of length of hospital stay. Arch Dis Child Fetal Neonatal Ed.
2009;94(6):F414-F418. doi:10.1136/adc.2008.153668.
29. Centers for Disease Control and Prevention (CDC). Neonatal intensive-care unit admission
of infants with very low birth weight --- 19 States, 2006. MMWR Morb Mortal Wkly Rep.
2010;59(44):1444-1447.
30. Dressler WW, Oths KS, Gravlee CC. Race and ethnicity in public health research: models to
explain health disparities. Annual Review of Anthropology. 2005 Sep 16;34. Annu. Rev.
Anthropol., pp. 231-52.

104

31. Flores G; Committee On Pediatric Research. Technical report--racial and ethnic disparities in
the health and health care of children. Pediatrics. 2010;125(4):e979-e1020.
doi:10.1542/peds.2010-0188.
32. Wise PH. The anatomy of a disparity in infant mortality. Annu Rev Public Health.
2003;24:341-362. doi:10.1146/annurev.publhealth.24.100901.140816.
33. de Jongh BE, Locke R, Paul DA, Hoffman M. The differential effects of maternal age,
race/ethnicity and insurance on neonatal intensive care unit admission rates. BMC
Pregnancy Childbirth. 2012;12:97. Published 2012 Sep 17. doi:10.1186/1471-2393-1297.
34. Profit J, Gould JB, Bennett M, et al. Racial/Ethnic Disparity in NICU Quality of Care
Delivery. Pediatrics. 2017;140(3):e20170918. doi:10.1542/peds.2017-0918.
35. Wallace ME, Mendola P, Kim SS, et al. Racial/ethnic differences in preterm perinatal
outcomes. Am J Obstet Gynecol. 2017;216(3):306.e1-306.e12.
doi:10.1016/j.ajog.2016.11.1026.
36. Horbar JD, Edwards EM, Greenberg LT, et al. Racial Segregation and Inequality in the
Neonatal Intensive Care Unit for Very Low-Birth-Weight and Very Preterm Infants.
JAMA Pediatr. 2019;173(5):455-461. doi:10.1001/jamapediatrics.2019.0241.
37. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK, Drake P. Births: Final Data for 2017.
Natl Vital Stat Rep. 2018;67(8):1-50.

105

38. National Center for Health Statistics. Natality trends in the United States, 1909–2015.
https://www.cdc.gov/nchs/data-visualization/natality-trends/index.htm.
39. Andersen RM. Revisiting the behavioral model and access to medical care: does it matter?. J
Health Soc Behav. 1995;36(1):1-10.
40. Braveman PA, Cubbin C, Egerter S, et al. Socioeconomic status in health research: one size
does not fit all. JAMA. 2005;294(22):2879-2888. doi:10.1001/jama.294.22.2879.
41. Haan M, Kaplan GA, Camacho T. Poverty and health. Prospective evidence from the
Alameda County Study. Am J Epidemiol. 1987;125(6):989-998.
doi:10.1093/oxfordjournals.aje.a114637.
42. Anderson RT, Sorlie P, Backlund E, Johnson N, Kaplan GA. Mortality effects of community
socioeconomic status. Epidemiology. 1997;8(1):42-47. doi:10.1097/00001648199701000-00007.
43. Robert SA. Socioeconomic position and health: the independent contribution of community
socioeconomic context. Annu Rev Sociol. 1999 Aug;25(1):489-516.
44. Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic context and
health outcomes: a critical review. J Epidemiol Community Health. 2001;55(2):111-122.
doi:10.1136/jech.55.2.111.

106

45. Kowaleski J. State definitions and reporting requirements for live births, fetal deaths, and
induced terminations of pregnancy (1997 revision). Hyattsville, Maryland: National
Center for Health Statistics. 1997.
46. National Center for Health Statistics. User Guide to the 2018 Natality Public Use File.
2019.Hyattsville, Maryland. National Center for Health Statistics.
47. Lucey JF, Rowan CA, Shiono P, et al. Fetal infants: the fate of 4172 infants with birth
weights of 401 to 500 grams--the Vermont Oxford Network experience (1996-2000).
Pediatrics. 2004;113(6):1559-1566. doi:10.1542/peds.113.6.1559.
48. Stoll BJ, Hansen NI, Bell EF, et al. Neonatal outcomes of extremely preterm infants from the
NICHD Neonatal Research Network. Pediatrics. 2010;126(3):443-456.
doi:10.1542/peds.2009-2959.
49. Stoll BJ, Hansen NI, Bell EF, et al. Trends in Care Practices, Morbidity, and Mortality of
Extremely Preterm Neonates, 1993-2012. JAMA. 2015;314(10):1039-1051.
doi:10.1001/jama.2015.10244.
50. American College of Obstetricians and Gynecologists and the Society for Maternal–Fetal
Medicine, Ecker JL, Kaimal A, et al. Periviable birth: Interim update. Am J Obstet
Gynecol. 2016;215(2):B2-B12.e1. doi:10.1016/j.ajog.2016.04.017.
51. Streiner DL, Saigal S, Burrows E, Stoskopf B, Rosenbaum P. Attitudes of parents and health
care professionals toward active treatment of extremely premature infants. Pediatrics.
2001;108(1):152-157. doi:10.1542/peds.108.1.152.
107

52. Rysavy MA, Li L, Bell EF, et al. Between-hospital variation in treatment and outcomes in
extremely preterm infants [published correction appears in N Engl J Med.
;372(25):2469]. N Engl J Med. 2015;372(19):1801-1811. doi:10.1056/NEJMoa1410689.
53. Batton DG; Committee on Fetus and Newborn. Clinical report--Antenatal counseling
regarding resuscitation at an extremely low gestational age. Pediatrics. 2009;124(1):422427. doi:10.1542/peds.2009-1060.
54. Singh J, Fanaroff J, Andrews B, et al. Resuscitation in the "gray zone" of viability:
determining physician preferences and predicting infant outcomes. Pediatrics.
2007;120(3):519-526. doi:10.1542/peds.2006-2966.
55. National Center for Health Statistics. Guide to completing the facility worksheets for the
Certificate of Live Birth and Report of Fetal Death. National Vital Statistics System
(2003 revision). Atlanta: Center for Disease Control and Prevention. 2016. National
Center for Health Statistics.
56. Martin JA, Wilson EC, Osterman MJ, Saadi EW, Sutton SR, Hamilton BE. Assessing the
quality of medical and health data from the 2003 birth certificate revision: results from
two states. Natl Vital Stat Rep. 2013;62(2):1-19.
57. National Center for Health Statistics. Model state vital statistics act and regulations.
Hyattsville, MD. 1995. National Center for Health Statistic.

108

58. Dietz PM, England LJ, Callaghan WM, Pearl M, Wier ML, Kharrazi M. A comparison of
LMP-based and ultrasound-based estimates of gestational age using linked California
livebirth and prenatal screening records. Paediatr Perinat Epidemiol. 2007;21 Suppl
2:62-71.
59. Barradas DT, Dietz PM, Pearl M, England LJ, Callaghan WM, Kharrazi M. Validation of
obstetric estimate using early ultrasound: 2007 California birth certificates. Paediatr
Perinat Epidemiol. 2014;28(1):3-10. doi:10.1111/ppe.12083.
60. Dietz PM, Bombard JM, Hutchings YL, et al. Validation of obstetric estimate of gestational
age on US birth certificates. Am J Obstet Gynecol. 2014;210(4):335.e1-335.e5.
doi:10.1016/j.ajog.2013.10.875.
61. Duryea EL, McIntire DD, Leveno KJ. The rate of preterm birth in the United States is
affected by the method of gestational age assignment. Am J Obstet Gynecol.
2015;213(2):231.e1-231.e2315. doi:10.1016/j.ajog.2015.04.038.
62. DCallaghan WM, Dietz PM. Differences in birth weight for gestational age distributions
according to the measures used to assign gestational age. Am J Epidemiol.
2010;171(7):826-836. doi:10.1093/aje/kwp468.
63. Martin JA, Osterman MJ, Kirmeyer SE, Gregory EC. Measuring Gestational Age in Vital
Statistics Data: Transitioning to the Obstetric Estimate. Natl Vital Stat Rep. 2015;64(5):120.

109

64. Quinn JA, Munoz FM, Gonik B, Frau L, Cutland C, Mallett-Moore T, Kissou A, Wittke F,
Das M, Nunes T, Pye S. Preterm birth: case definition & guidelines for data collection,
analysis, and presentation of immunisation safety data. Vaccine. 2016 Dec 1;34(49).
65. Stevenson DK, Verter J, Fanaroff AA, et al. Sex differences in outcomes of very low
birthweight infants: the newborn male disadvantage. Arch Dis Child Fetal Neonatal Ed.
2000;83(3):F182-F185. doi:10.1136/fn.83.3.f182.
66. Fanaroff AA, Stoll BJ, Wright LL, et al. Trends in neonatal morbidity and mortality for very
low birthweight infants. Am J Obstet Gynecol. 2007;196(2):147.e1-147.e1478.
doi:10.1016/j.ajog.2006.09.014.
67. Kent AL, Wright IM, Abdel-Latif ME; New South Wales and Australian Capital Territory
Neonatal Intensive Care Units Audit Group. Mortality and adverse neurologic outcomes
are greater in preterm male infants. Pediatrics. 2012;129(1):124-131. doi:10.1542/ped.
68. Koops BL, Morgan LJ, Battaglia FC. Neonatal mortality risk in relation to birth weight and
gestational age: update. J Pediatr. 1982;101(6):969-977. doi:10.1016/s00223476(82)80024-3.
69. Thomas P, Peabody J, Turnier V, Clark RH. A new look at intrauterine growth and the
impact of race, altitude, and gender. Pediatrics. 2000;106(2):E21.
doi:10.1542/peds.106.2.e21.

110

70. Kierans WJ, Joseph KS, Luo ZC, Platt R, Wilkins R, Kramer MS. Does one size fit all? The
case for ethnic-specific standards of fetal growth. BMC Pregnancy Childbirth. 2008;8:1.
Published 2008 Jan 8. doi:10.1186/1471-2393-8-1.
71. APGAR V. A proposal for a new method of evaluation of the newborn infant. Curr Res
Anesth Analg. 1953;32(4):260-267.
72. Gage TB, Fang F, O'Neill E, Dirienzo G. Maternal education, birth weight, and infant
mortality in the United States. Demography. 2013;50(2):615-635. doi:10.1007/s13524012-0148-2.
73. Morriss FH Jr. Increased risk of death among uninsured neonates. Health Serv Res.
2013;48(4):1232-1255. doi:10.1111/1475-6773.12042.
74. Daw JR, Hatfield LA, Swartz K, Sommers BD. Women In The United States Experience
High Rates Of Coverage 'Churn' In Months Before And After Childbirth. Health Aff
(Millwood). 2017;36(4):598-606. doi:10.1377/hlthaff.2016.1241.
75. Kent ST, McClure LA, Zaitchik BF, Gohlke JM. Area-level risk factors for adverse birth
outcomes: trends in urban and rural settings. BMC Pregnancy Childbirth. 2013;13:129.
doi:10.1186/1471-2393-13-129.
76. Bailey BA, Cole LK. Rurality and birth outcomes: findings from southern appalachia and the
potential role of pregnancy smoking. J Rural Health. 2009;25(2):141-149.
doi:10.1111/j.1748-0361.2009.00210.x.

111

77. Strutz KL, Dozier AM, van Wijngaarden E, Glantz JC. Birth outcomes across three ruralurban typologies in the Finger Lakes region of New York. J Rural Health.
2012;28(2):162-173. doi:10.1111/j.1748-0361.2011.00392.x.
78. Ingram DD, Franco SJ. 2013 NCHS Urban-Rural Classification Scheme for Counties. Vital
Health Stat 2. 2014;(166):1-73.
79. Muller CJ, MacLehose RF. Estimating predicted probabilities from logistic regression:
different methods correspond to different target populations. Int J Epidemiol.
2014;43(3):962-970. doi:10.1093/ije/dyu029
80. Patrick SW, Schumacher RE, Davis MM. Methods of mortality risk adjustment in the NICU:
a 20-year review. Pediatrics. 2013;131 Suppl 1:S68-S74. doi:10.1542/peds.2012-1427h.
81. Richardson DK, Corcoran JD, Escobar GJ, Lee SK. SNAP-II and SNAPPE-II: Simplified
newborn illness severity and mortality risk scores. J Pediatr. 2001;138(1):92-100.
doi:10.1067/mpd.2001.109608.
82. Parry G, Tucker J, Tarnow-Mordi W, UK Neonatal Staffing Study Collaborative Group.
CRIB II: an update of the clinical risk index for babies score. The Lancet.
2003;361(9371):1789-91.
83. Zupancic JA, Richardson DK, Horbar JD, et al. Revalidation of the Score for Neonatal Acute
Physiology in the Vermont Oxford Network. Pediatrics. 2007;119(1):e156-e163.
doi:10.1542/peds.2005-2957.

112

84. Tyson JE, Parikh NA, Langer J, Green C, Higgins RD; National Institute of Child Health and
Human Development Neonatal Research Network. Intensive care for extreme
prematurity--moving beyond gestational age. N Engl J Med. 2008;358(16):1672-1681.
doi:10.1056/NEJMoa073059.
85. Xu H, Simonet F, Luo ZC. Optimal birth weight percentile cut-offs in defining small- or
large-for-gestational-age. Acta Paediatr. 2010;99(4):550-555. doi:10.1111/j.16512227.2009.01674.x
86. Lê Cook B, McGuire TG, Zuvekas SH. Measuring trends in racial/ ethnic health care
disparities. Med Care Res Rev. 2009;66(1):23-48. doi:10.1177/1077558708323607
87. Hebert PL, Sisk JE, Howell EA. When does a difference become a disparity?
Conceptualizing racial and ethnic disparities in health. Health Aff (Millwood).
2008;27(2):374-382. doi:10.1377/hlthaff.27.2.374.
88. VanderWeele TJ, Robinson WR. On the causal interpretation of race in regressions adjusting
for confounding and mediating variables. Epidemiology. 2014;25(4):473-484.
doi:10.1097/EDE.0000000000000105.
89. Kitagawa E. Components of a difference between two rates. J AmStat Assoc.
1955;50(272):1169-1194.
90. Blinder AS. Wage discrimination: reduced form and structural estimates. Journal of Human
resources. 1973 Oct 1:436-55.

113

91. Oaxaca R. Male-female wage differentials in urban labor markets. International economic
review. 1973 Oct 1:693-70.
92. Sen B. Using the Oaxaca-Blinder decomposition as an empirical tool to analyze racial
disparities in obesity. Obesity (Silver Spring). 2014;22(7):1750-1755.
doi:10.1002/oby.20755.
93. Taber DR, Robinson WR, Bleich SN, Wang YC. Oaxaca-Blinder decomposition of
disparities in adolescent obesity: deconstructing both race and gender differences.
Obesity (Silver Spring, Md.). 2016;24(3):719.
94. Isong IA, Rao SR, Bind MA, Avendaño M, Kawachi I, Richmond TK. Racial and Ethnic
Disparities in Early Childhood Obesity. Pediatrics. 2018;141(1):e20170865.
doi:10.1542/peds.2017-0865.
95. Lhila A, Long S. What is driving the black-white difference in low birthweight in the US?.
Health Econ. 2012;21(3):301-315. doi:10.1002/hec.1715.
96. Vargas Bustamante A, Fang H, Rizzo JA, Ortega AN. Understanding observed and
unobserved health care access and utilization disparities among US Latino adults. Med
Care Res Rev. 2009;66(5):561-577. doi:10.1177/1077558709338487.
97. Yoo BK, Hasebe T, Szilagyi PG. Decomposing racial/ethnic disparities in influenza
vaccination among the elderly. Vaccine. 2015 Jun 12;33(26):2997-3002.

114

98. Jann B. The Blinder–Oaxaca decomposition for linear regression models. The Stata Journal.
2008;8(4):453-79.
99. Blackmon LR, Barfield WD, Stark AR. Hospital neonatal services in the United States:
variation in definitions, criteria, and regulatory status, 2008. J Perinatol.
2009;29(12):788-794. doi:10.1038/jp.2009.148.
100. Haidari ES, Lee HC, Illuzzi JL, Lin H, Xu X. Utility of Birth Certificate Data for
Evaluating Hospital Variation in Admissions to NICUs. Hosp Pediatr. 2020;10(2):190194. doi:10.1542/hpeds.2019-0116.

115

